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PREFACE.

Scarcely three years ago it was a comparatively rare occur-
rence in this country to see a self-propelled vehicle, or “auto-
mobile,” of any description. To-day they are among the most
familiar sights; hundreds of firms are engaged in their manu-
facture—many of them scarcely able to keep abreast of the
demand for machines—while in the popular mind there is a
constantly increasing interest in the subject.

Accompanying these phenomena of an industrial develop-
ment, very nearly unparalleled in its rapid rise to an approxi-
mate perfection, we find a corresponding desire for information
on the construction and operation of these new masterpieces
of skill, which, so it seems, has created a very real demand for
just such a treatise as the present volume.

In presenting this book to the public, a few words seem neces-
sary, by way of introduction and explanation. In the first place
the treatment of subjects throughout has been kept as nearly
as possible in the lines popularly called “non-technical.”” The
various theories and problems involved in the construction and
operation of the prevailing types of motor road carriage have
been stated as clearly and simply as possible, in order that the
involved situations may be readily comprehended by all readers.
The fundamental principles of the several types of motor, par-
ticularly of the gasoline engine, which is the least understood
of all, have been treated at considerable length, in order that
the facts may be thoroughly comprehended in their new relations.

It has been the author’s aim to state and discuss the most
important points of this alrcady immense subject, and to treat

only of constructions that have been proven thoroughly practi-
it
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cal. Under either head many things that will, doubtless, be of
paramount importance in the near future can only be suggested
at the present time.

In the preparation of this work the author has been ably as-
sisted by several persons to whom he desires to render grateful
acknowledgments. Mr. Charles E. Duryea, the well-known
pioneer of the automobile industry in America, has rendered
him very great assistance with numerous suggestions of value
and in reading proofs of much of the matter relating to gasoline
engines and general construction. Mr. George Perrott, M.E,, has,
in a number of instances, given him the benefit of his vast ex-
perience in mechanical matters, contributing many points of un-
usual practical interest. Many of the illustrations were pre-
pared, under the author’s direction, by Messrs. Francis S.
Dixon, Edwin F. Tilley, and Edward Straeffer, whose skill and
experience as ;iraughtsmen will greatly illuminate the accom-
panying descriptions,
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SELF-PROPELLED VEHICLES.
A PRACTICAL TREATISE.

CHAPTER ONE.

THE NAMES AND VARIETIES OF MOTOR CARRIAGES.

Automobile, Locomobile, or TIlotor Carriage ?— The wide-
spread interest in the subject of horseless vehicles propelled by
motors seems to have determined that the word, automobile, shall
be permanently adopted into the English language. This being
the case, it is useless to attempt to change the usage or propose
any other generic term to describe a “self-moving,” or motor-
driven, carriage. To be exact, however, the word is not properly
derived, according to the rules of rhetoric, being a compound of
the words, autos, self, and, mobilis, moving, the first Greek, the
second Latin. The best authorities assert that all the elements in
a compound word should properly be derived from the same
language, if it be composed of words other than English. Ac-
cording to this rule, the word, “locomobile,” from the words
locus, place, and, mobilis, moving, both Latin, is undoubtedly a
more correct term. But since this word seems to have been
preémpted as the designation for an excellent type of American
steam carriage, and it seems impossible to find any other eupho-
nious word with the meaning of “self-mover,” there is likely no
alternative but to submit to current usage, and call the motor
carriage of any type, “automobile.”

Special Designations for Motor Carriages. — Since there
is a wide variety of vehicles, from the two-ton road wagon to the
motor bicycle, to come under the general head of “automobile,”

and since this word will soon have a far more general significance
1
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than at present, a number of special designations, many of them
combinations of the word, ‘“mobile,” have been invented within
recent years. Thus it has been widely proposed to call a vehicle
propelled by electricity an ‘‘electromobile,” which term is in
actual use by several manufacturers. Also the word, “gasmobile,”

Fi1a. 1.—A Light Two-Passenger Phaeton, propelled by a Gasoline Motor.

is used as the name of at least one make of gasoline motor car-
riage ; while ‘““steamobile” is quite as widely known in connection
with an excellent make of steam carriage. Such words as “auto-
motor,” “auto-car,” “auto-truck,” “auto-carriage,” “auto-cycle,”
and the like are widely exploited by others, either as general

”

F1a. 2.—A Gasoline Motor Bicycle.

terms or special designations. On the other hand, when speak-
ing of some particular style of power-driven carriage it seems to
be the more general usage to speak of an “electric brougham,” a
“gasoline runabout,” a ‘“‘steam stanhope,” than to use any of the
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names mentioned above. The words “motor bicycle,” “motor
cycle,” “motor surrey,” etc., are also used.

The Common Sense Name.—Like most other mooted ques-
tions, the matter of names for motor carriages reduces itself to
one of common sense, purely. While any of the names given
above, and several others also, may be perfectly correct rhetori-
cally or philologically, or be able to influence usage sufficiently

Fi16. 3.—A Self-Propelling Steam Road Roller of Ordinary Pattern,

to compel their ultimate adoption, the development of the motor
vehicle industry in the future, when the horse carriage will un-
doubtedly become the exception, demands that some definite
idea be conveyed by each word used. Thus, when the ordinary
citizen hears the word, “Locomobile,” as applied to the special

F10. 4.—A Two-Ton Steam Road Wagon, or Lorry.

make of steam carriage claiming that title, he at once thinks of
a four-wheeled, steam-driven vehicle with a “runabout” body,
manufactured by the Locomobile Co. of America. This fact the
manufacturers themselves recognize, when they speak in their
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ELECTRIC COUPE.

ELECTRIC*STANHOPE.

TOURING CAR.

STEAM SURRLY.

GASOLINE VOITURETTE

Fia. 5.—Eight Well-known Types of Self-Propelled Road Vehicles.
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advertisements and announcements of their ‘“Loco-surrey,”
which is built to a different design. Other ordinary citizens,
those possessing a fine sense of discrimination, will frequently
attempt to explain to admiring auditors the difference between a
“locomobile” and an “automobile,” generally asserting that the
former word means a steam carriage, and the latter a gasoline
carriage. But, when asked about the word for an electric car-
riage, they will be quite at a loss, unless the words “electro-

Fre. 6.—A Compressed Air Locomotive, such as‘is used in English mines, with car
‘ attached.

mobile” or electrobat”—the latter is an English contribution
to the growing vocabulary—have reached their understandings.
As a matter of fact, no such distinctions exist, either in the words
themselves or in their usage, and attempts to discuss the point
merely waste time. At the present stage of the industry the name
of the firm or corporation manufacturing motor carriages is of
interest to the public, just as was the case formerly with sewing
machines and bicycles. The time will undoubtedly come when
none but experts will discriminate particularly between the several
efficient makes of carriage, any more than the average man now
stops to remark that his horse carriage is a Brewster, a Bailey,
a Miller, or any other special make, being perfectly satisfied if it
runs with small care and light wear. The time will also probably
come when we shall speak of steam surreys, gasoline runabouts,
electric phaetons, etc., etc., leaving the name of the maker as the
answer to a possible question, and omitting altogether any re-
marks tinged with “auto,” “loco,” “mobile” or “bat.” The
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i

broadest terms, therefore, will be undoubtedly “motor carriage,’
“motor wagon,” or “motor cycle,” the specific information being
given by telling the kind of carriage, wagon or cycle, and the
kind of motor. For when we use the word “automobile,” we
have a word that does not necessarily include the others. Itis a
term precisely like “locomotive”’—indeed, we must not forget
the fact that an automobile is properly a kind of locomotive—and,
while we actually speak of ‘‘steam locomotives,” “electric loco-

F1a. 8.—A Ten-wheeled Freight Locomotive,

motives,” or “compressed air locomotives,” we must specify fur-
ther in order to tell whether it be for passenger, freight or switch-
ing service, or whether it be a four-wheeler, a “pony,” a
“dummy,” a “decapod,” or into what class it falls, according to
its use or design. “Automobile,” therefore, merely designates
a conveyance which neither runs on a railroad track, nor yet is
drawn by a horse. The only warrant it has for a place in the lan-
guage is in the fact that the prevailing form of vehicle on ordi-
nary roadways is horse-drawn, and not motor-driven. What
term will we use when the situation is reversed? Surely, it will
be some analogy to the present usage, wherein we speak of
seeing a friend driving his bay mare to his top buggy, or giving
his family an outing in his surrev and grey team. For by one
word we indicate the style of vehicle, and by the other, the mo-
tive-power employed.



CHAPTER TWO.

A BRIEF HISTORY OF SELF-PROPELLED ROAD VEHICLES.

Requirements for a Successful TIlotor Carriage.—FEven
before the days of successful railroad locomotives several in-
ventors had proposed to themselves the problem of a steam-
propelled road wagon, and actually made attempts to build ma-
chines to embody their designs. In 1769 Nicholas Joseph
Cugnot, a captain in the French army, constructed a three-
wheeled wagon, having the boiler and engine overhanging, and
to be turned with the forward wheel, and propelled by a pair of
single-acting cylinders, which worked on ratchets geared to the
axle shaft. It was immensely heavy, awkward and unmanageable,
but succeeded in making the rather unexpected record of two and
a half miles per hour, over the wretched roads of that day, despite
thefactthatit must stop every few hundred feet to steam up. Later
attempts in the same direction introduced several of the essential
moter vehicle parts used at the present day, and with commen-
surately good results. But the really practical road carriage can-
not be said to have existed until inventors grasped the idea that
the fuel for the engines must be something other than coal, and
that, so far as the boilers and driving gears are concerned, the
minimum of lightness and compactness must somehow be com-
bined with the maximum of power and speed. This seems a very
simple problem, but we must recollect that even the simplest
results are often the hardest to attain. Just as the art of printing
dates from the invention of an inexpensive method of making
paper, so light vehicle motors were first made possible by the
successful production of liquid or volatile fuels.

In addition to this, as we shall presently understand, immense
contributions to the present successful issue have been made by
pneumatic tires, stud steering axles and balance gears, none of
which were used in the motor carriages of sixty and eighty years
ago. So that, we may confidently insist, although many thought-
less persons still assert that the motor carriage industry is in its
infancy, and its results tentative, we have already most of the

7
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clements of the perfect machine, and approximations of the re-
mainder. At the present time the problem is not on what ma-
chine can do the required work, but which one can do it best.

A Brief Review of Motor Carriage History.—As might be
readily surmised, the earliest motor vehicles were those propelled
by steam engines, the first attempt, that of Capt. Cugnot, dating,
as we have seen, from 1769-70. In the early years of the nine-
teenth century, and until about 1840-45, a large number of steam

#10. 9.—Captain Cugnot's Three-wuecl Steam Artillery Carriage (1769-70). This cut shows
detatls of the single flue boiler and of the driving connections. Iy
carriages and stage coaches were designed and built in England,
some of them enjoying considerable success and bringing profit
to their owners. At about the close of this period, however, strict
laws regarding the reservation of highways to horse-vehicles put
an effectual stop to the further progress of an industry that was
already well on its way to perfection, and for over forty years
little was done, either in Europe or America, beyond improving
the type of farm tractors and steam road rollers, with one or two
sporadic attempts to introduce self-propelling steam fire engines.
During the whole of this period the light steam road carriage
existed only as a pet hobby of ambitious inventors, or as a curi-
osity for exhibition purposes. Curiously enough, while the
progress of railroad locomotion was, in the meantime, rapid and
brilliant, the re-awakening of the motor carriage idea and in-
dustry, about 1885-89, was really the birth of a new science of
constructions, very few of the features of former carriages being
then adopted. In 1885 Gottlieb Daimler patented his high-speed
gas or mineral spirit engine, the parent and prototype of the wide
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variety of explosive vehicle motors since produced, and, in the
same year, Carl Benz, of Mannheim, constructed and patented
his first gasoline tricycles. The next period of progress, in the
years immediately succeeding, saw the ascendency of French
engineers, Peugeot, Panhard, De Dion and Mors, whose
names, next to that of Daimler himself, have become common-
places with all who speak of motor carriages. In 1889 Leon
Serpollet, of Paris, invented his famous instantaneous, or “flash,”
generator, which was, fairly enough, the most potent agent in
restoring the steam engine to consideration as means of motor

F1a. 10.—Richard Trevithick’s Steam Road C (1802). The centre-pivoted front
axle is about half the length of the rear axle. The cylinder is fixed in the centre of
the boiler. The engine has a fly-wheel and spur gear connections to the drive axle.

carriage propulsion. Although it has not become the prevailing
type of steam generator for this purpose, it did much to turn the
attention of engineers to the work of designing high-power,
quick-steaming, small-sized boilers, which have been brought to
such high efficiency, particularly in the United States. With
perfected steam generators came also the various forms of liquid
or gas fuel burners. The successful electric carriage dates from
a few years later than either of the others, making its appearance
as a practical permanency about 1893-94.

Trevithick’s Steam Carriage.—In reviewing the history of
motor road vehicles we will discover the fact that the attempts
which were never more than plans on paper, working models, or
downright failures are greatly in excess of the ones even half-
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way practical. From within a few years after Cugnot’s notable
attempt and failure, many inventors in England, France and
America appeared as sponsors for some kind of a steam road car-
riage, and as invariably contributed little to the practical solution
of the problem. In 1802 Richard Trevithick, an engineer of abil-
ity, subsequently active in the work of developing railroad cars
and locomotives, built a steam-propelled road carriage, which,
if we may judge from the drawings and plans still extant, was
altogether unique, both in design and operation. The body was
supported fully six feet from the ground, above rear driving
wheels of from eight to ten feet in diameter, which, turning loose
on the axle trees, were propelled by spur gears secured to the
hubs. The cylinder placed in the centre of the boiler turned its
crank on the counter-shaft, just forward of the axle, and imparted
its motion through a second pair of spur gears, meshing with
those attached to the wheel hubs. The steering was by the for-
ward wheels, whose axle was about half the width of the vehicle,
and centre-pivoted, so as to be actuated by a hand lever rising
in front of the driver’s seat. This difference in the length of the
two axles was probably a great advantage to positive steering
qualities, even in the absence of any kind of compensating device
on the drive shaft. The carriage was a failure, however, owing
to lack of financial support, as is alleged, and, after a few trial
runs about London, was finally dismantled.

Gurney’s Coaches.—The Golden Age of steam coaches ex-
tended from the early twenties of the nineteenth century for about
twenty years. During this period much was done to demonstrate
the practicability of steam road carriages, which for a time
seemed promising rivals to the budding railroad industry. Con-
siderable capital was invested and a number of carriages were
built, which actually carried thousands of passengers over the old
stage-coach roads, until adverse legislation set an:-abrupt period
to further extension of the enterprise. Among the names made
prominent in these years is that of Goldsworthy Gurney, who, in
association with a certain Sir Charles Dance, also an engineer,
constructed several coaches, which enjoyed a brief though suc-
cessful career. His boiler, like those then used in the majority
of carriages, was of the water-tube variety, and in many respects
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closely resembled some of the most successful styles made at the
present day. It consisted of two parallel horizontal cylindrical
drums, set one above the other in the width of the carriage, sur-
mounted by a third, a separator tube, and connected together
by a number of tubes, each shaped like the letter U laid on its
side, and also, directly, by several vertical tubes. The fire was
applied to the lower sides of the bent tubes, under forced draught,
thus creating a circulation, but, on account of the small heating
surface, the boiler was largely a failure. Mr. Dance did much

Fro. ll.—Secu;nal Elevation of one of Goldsworthy Gurney’s Early Otncﬁ;showiug
water tube boiler, directly geared cylinders and peg-rod driving wheel.

to remedy the defects of Gurney’s boiler with a water-tube gen-
erator, designed by himself, in which the triple rows of parallel
U-tubes were replaced by a number of similarly-shaped tubes
connected around a common circumference by elbow joints, and
surmounted by dry steam tubes, thus affording a much larger
heating surface for the fire kindled above the lower sides of the
bent tubes. Gurney’s engine consisted of two parallel cylinders,
fixed in the length of the carriage and operating cranks on the
revolving rear axle shaft. The wheels turned loose on the axles,
and were driven by.double arms extending in both directions
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from the axle to the felloe of the wheel, where they engaged suit-
ably arranged bolts, or plugs. On level roadways only one wheel
was driven, in order to allow of turning, but in ascending hills
both were geared to the motor, thus giving full power. In Gur-
ney’s later coaches and tractors the steering was by a sector,

Fia. 12, Fa. 18.

Fias. 12-13.—Improved Boilers for Gurney Coaches; the first by Summers & Ogle ; the
second by Maceroni & 8quire.

with its centre on the pivot of the swinging axle shaft and oper-
ated by a gear wheel at the end of the revolving steering post. In
one of his earliest carriages he attempted the result with an extra
wheel forward of the body and the four-wheel running frame,
the swinging forward axle being omitted, but this arrangement
speedily proving useless, was abandoned.

Improvements on Gurney’s Coaches.—Several other builders,
notably Maceroni and Squire, and Summers and Ogle, adopted
the general plans of Gurney’s coaches and driving gear, but
added improvements of their own in the construction of the
boilers and running gear. The former partners used a water-
tube boiler consisting of eighty vertical tubes, all but eighteen
of which were connected at top and bottom by elbows or stay-
tubes, the others being extended so as to communicate with a
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central vertical steam drum. Summers and Ogle’s boiler con-
sisted of thirty combined water tubes and smoke flues, fitting
into square plan, flat vertical-axis drums at top and bottom. Into
each of these drums—the one for water, the other for steam—the
water tubes opened, while through the top and bottom plates,
through the length of the water-tubes, ran the contained smoke
flues, leading the products of combustion upward from the fur-
nace. The advantage of this construction‘was that considerable
water could be thus heated, under draught, in small tube sec-
tions, while the full effect of 250 square feet of heating surface
was realized. With both these boilers exceedingly good results
were obtained, both in efficiency and in small cost of operation.
Indeed, the reasonable cost of running these old-time steam car-
riages is surprising. It has been stated that Gurney and Dance’s
coaches required on an average about 4d. (eight cents) per mile
for fuel coke, while the coaches built by Maceroni and Squire
often averaged as low as 3d. (six cents). The average weight of
the eight and ten-passenger coaches was nearly 5,000 pounds,
their speed, between ten and thirty miles, and the steam pressure
used about 200 pounds.

Hancock’s Coaches.—By all odds the most brilliant record
among the early builders of steam road carriages is that of Walter
Hancock, who, between the years 1828 and 1838, built nine car-
riages, six of them having seen actual use in the work of carrying
passengers. His first effort, a three-wheeled phaeton, was driven
by a pair of oscillating cylinders geared direct to the front wheel,
and being turned on the frame with it in steering. Having
learned by actual experiment the faults of this construction, he
adopted the most approved practice of driving on the rear axle,
and in his first passenger coach, “The Infant,” he attached his
oscillating cylinder at the rear of the frame, and transmitted the
power by an ordinary flat-link chain to the rotating axle. He
was the first to use the chain transmission, now practically uni-
versal. As he seems to have been a person who readily learned
by experience, he soon saw that the exposure of his engines to
dust and other abradents was a great source of wear and disable-
ment ; consequently in his second coach, “Infant No. 2,” he sup-
planted the oscillating cylinder hung outside by a slide-valve
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cylinder and crank disposed within the rear of the coach body"
above the floor. In this and subsequent carriages he used the
chain drive, also operating the boiler feed pump from the cross-
head, as in most steam carriages at the present day.

Hancock’s boiler was certainly the most interesting feature of
his carriages, both in point of original conception and efficiency
in steaming. It was composed of a number of flat chambers—
“water bags” they were called—laid side by side and intercom-
municating with a water drum at the base and steam drum at
the top. Each of these chambers was constructed from a flat
sheet of metal, hammered into the required shape and flanged
along the edges, and, being folded together at the middle point,

Fia. 14.—Part section of one of Hancock's Coaches, showing Engine and Driving Connec-
tions. A is the exhaust pipe leading steam against the screen, C, thence up the flue,
D, along with smoke and gases from the grate, B. Eis the boiler; H the out-take
{)i ; K the engine cylinder and, J, the water-feed pump; G is arotary fan for produc-
ng a forced draught, and F the fluc leading it to the grate.

the two halves were securely riveted together through the
flanged edge. The faces of each plate carried regularly disposed
hemispherical cavities or bosses, which were in contact when the
plates were laid together, thus preserving the distances between
them and allowing space for the gases of combustion to pass over
an extended heating surface. The high quality of this style of
generafor may be understood when we learn that, with eleven
such chambers or “water bags,” 30 x 20 inches x 2 inches in
thickness and 89 square feet of heating surface to 6 square feet
of grate, one effective horse-power to every five square feet was
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realized, which gives us about eighteen effective horse-power
for a generator occupying about 11.1 cubic feet of space, or 30 x
20 x 32 inches.

The operation of the Hancock boiler is interesting. The most
approved construction was to place the grate slightly to the rear
of the boiler’s centre, and the fuel, coke, was burnt under forced
draught from a rotary fan. The exhaust steam was forced into
the space below the boiler, where a good part of it, passing
through a finely perforated screen, was transformed into water
gas, greatly to the benefit of perfect combustion.

Fro. 15. Fig 16.

F1a. 15.—Hancock’s Wedge Drive Wheel, showing wedge spokes and triangular driving
lugs at the nave.
Fi16. 16.—One clement of the Hancock Boiler, end view.

As early as 1830 Hancock devised the “wedge” wheels, since
so widely adopted as models of construction. As shown in the
accompanying diagram, his spokes were formed, each with a
blunt wedge at its end, tapering on two radii from the nave of the
wheel; so that, when laid together, the shape of the complete
wheel was found. The blunt ends of these juxtaposed wedges
rested upon the periphery of the axle box, which carried a flange,
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or vertical disk, forged in one piece with it, so as to rest on the
inside face of the wheel. This flange was pierced at intervals to
hold holts, each penetrating one of the spokes, and forming the
“hub” with a plate of corresponding diameter nutted upon the
outer face ofthewheel. Thethrough axleshaft, formed in one piece
and rotatable, carried secured to its extremities, when the wheel
was set in place, two triangular lugs, oppositely disposed and
formed on radii from the nave. The outer hub-plate carried

F1a. 17.—Church’'s Three-wheel Coach (1833), drawn from an old woodcut, showing for-
ward spring wheel mounted on the steering pivot.

similarly shaped and disposed lugs, and the driving was effected
by the former pair, turning with the axle spindle, engaging the
latter pair, thus combining the advantages of a loose-turning
wheel and a rotating axle. Through nearly half of a revolution also
the wheel was free to act as a pivot in turning the wagon, thus
obtaining the same effect as with Gurney’s arm and pin drive
wheels. The prime advantage, however, was that the torsional
strain was evenly distributed through the entire structure by
virtue of the contact of the spoke extremities.



MOTOR VEHICLE HISTORY. 17

Other Notable Coaches.—According to several authorities,
only Gurney, Hancock and J. Scott Russell built coaches that
saw even short service as paying passenger conveyances—one of
the latter’s coaches was operated occasionally until about 1857.
There were, however, numerous attempts and experimental struc-
tures, all more or less successful, which deserve passing mention
as embodying some one or another feature that has become a
permanence in motor road carriages or devices suggestive of such
features. A coach built by a man named James, about 1829, was
the first on record to embody a really mechanical device for al-

—

S - — R S

Fia. 18.—James’' Coach (1839) the ' first really pra.ctlcn.l steam carriage buiflt.” Drawn
from an, old wood ci

lowing differential action of the rear, or driving, wheels. Instead
of driving on but one wheel, as did Gurney, or using clutches,
like some others, he used separate axles and four cylinders, two
for each wheel, thus permitting them to be driven at different
speeds. This one feature entitles his coach to description as the
“first really practical steam carriage built.” Most of the others,
if the extant details are at all correct, must have been, except on
straight roads, exceedingly unsatisfactory machines at best. Ac-
cording to the best information on the subject, a certain Hills,
of Deptford, was the first to design and use on a carriage, in 1843,
the compensating balance gear, or “jack in the box,” as it was
then called, which has since come into universal use on motor
vehicles of all descriptions. As for rubber tires, although a
certain Thompson is credited with devising some sort of inflat-
able device of this description about 1840-45, there seems to have
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been little done in the way of providing a springy, or res..ent,
support for the wheels. We have, however, some suggestion of
an attempt at spring wheels on Church’s coach, which was built
in 1833. According to an article in the Mechanics’ Magazine for
January, 1834, which gives the view of this conveyance, herewith
reproduced, “The spokes of the wheels are so constructed as to
operate like springs to the whole machine—that is, to give and
take according to the inequalities of the road.” In other respects
the vehicle seems to have been fully up to the times, but, judg-
ing from its size and passenger capacity, as shown in the cut,
it is reasonable to suppose that the use of spring wheels was no
superfluous ornamentation. If we may judge further from the
cut, the wheels had very broad tires, thus furnishing another ele-
ment in the direction of easy riding on rough roads.




CHAPTER THREE.
HOW A MOTOR CARRIAGE TURNS.

Modern Motor Vehicles. — Like other achievements of
modern science and industry, the motor vehicle is the resultant
of a long series of brilliant inventions and improvements in
several directions. Successful motor carriages, as now con-
structed, are of three varieties, according to the motive power
employed: those propelled by steam; those propelled by ex-
plosive motors, gas or oil engines; those propelled by electricity.
Considerable has also been done in the direction of producing
efficient compressed air motors, which have been actually applied
to the propulsion of heavy road wagons and street railway cars,
but for light carriage service small results have thus far been at-
tained. Some inventors have expended their energies in other
directions, and several patents have been granted in the United
States for coiled spring and clockwork motors, and even for
carriages carrying masts and sails. We are not concerned, how-
ever, with such eccentric devices; the aim of this book being
merely the discussion and explanation of successful, practical
methods actually applied in the construction and operation of
light motor carriages.

Conditions of Automobile Construction.—In one way the
automobile has a history very like that of the railway carriage.
At the first inception both were devised as suitable substitutes
for the horse-drawn vehicle, and, as a consequence, began by
following certain traditions of construction, which have proved
very like hindrances to progress. The first railway passenger
coaches were no more nor less than ordinary road wagons, several
being coupled together, so as to be drawn along a grooved tram-
way. Later, with the introduction of flanged wheels and heavier
constructions, a number of carriage bodies were mounted on the
same running trucks, which gave the familiar compartment
coaches with vis-a-vis seats, still used in England and most of the
countries of Continental Europe. Only when the theory of

19
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railway car construction departed entirely from the models and
traditions of road wagons in the invention and adoption of the
American passenger coach, did the day of real progress and com-
fortable travel begin. In similar fashion, it may be safely as-
serted, many of the greatest constructional problems of auto-
mobiles are to be traced to the tradition of building motor car-
riages as nearly like horse-drawn vehicles as possible. It seems
that the most popular designs of such vehicles are those which
appear to be horse-carriages in all respects except that they lack
the ordinary shafts or poles for hitching the horses. These

Fre. 19.—Early American Railroad Train (1834), showing passenger coaches, which are
simply transformed road stages.

structural problems are, however, real problems, and with both

railway coaches and automobiles the adoption of traditional

models has been only the following of the best available designs.

Problems in Automobile Construction.—In a horse-drawn
vehicle the tractive power, the harnessed horse, is applied at the
front and is separate from the carriage or wagon itself. There-
fore, the only thing needful is to so construct the frame and run-
ning gear as to offer the smallest resistance either in straight-
ahead travel or turning. As is well known, each running wheel
of a horse carriage is made with a pierced hub and hollow axle
box or bearing, so as to be slipped over the end of the axle-bar
and secured in place by a nut. The axle-bar of the rear wheels is
continuous and rigid with the frame, being attached to the springs
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supporting the body. The axle-bar of the forward wheels is also
continuous from side to side, but, instead of being bolted to the
rest of the frame, is geared to a structure commonly called the
“fifth wheel,” a horizontal flat wheel or ‘“circle iron,” secured to
the base of the forward spring, and sliding on another similar
segment on the top of the axletree; the two being pivot-bolted at
the centre, so as to allow the forward wheels to “cut under” the
vehicle, and turn the wagon on any radius its length and weight
will permit. Were it practicable in all cases to apply the motive
power to the pivoted-axle forward wheels, this same plan of con-
struction would be as good for automobiles as for horse carriages.

Fia. 20.—A Mechanical Horse—the C;rmonc Tractor—Intended to be attached to any
form of horse-drawn vehicle at the turn-table, or * fifth wheel.” It is steered by its
rear wheels and drives on the forward pair.

But such a thing is impossible unless we employ either a separate
motor truck—a mechanical horse, in fact—or some yet undis-
covered method of power-transmission gear. This is the first

constructional problem, and a moment’s serious reflection will
reveal the involved difficulties.

Imitations of Horse Traction. — Curiously enough, in the
very first road locomotive ever made—that of Nicholas Cugnot—
a desperate attempt was made to meet and solve the difficulty of
combining power-traction with free turning attachments. As
we have learned, Captain Cugnot employed a single pivoted
forward wheel, which was geared rigid to one frame with his
engine and boiler, the whole motor-structure turning with every
effort to steer the wagon around a corner. He saw readily
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enough that to attach the boiler to the frame of the carriage
would involve the difficulties and complications incident on tele-
scopic, or extensile, steam connections between boiler and engine,
which would, likely, have caused serious trouble. He adopted,
therefore, the readiest expedient. His wagon worked very well
on a straight road, but developed the disagreeable qualities of
“ending up” at every corner, and of refusing to “obey its helm”
whenever a stone wall, or other obstruction, made a collision con-
venient. Had he stung his boiler at the rear of the forward wheel,
on the floor of the wagon, he might have overcome the tendency
to “top-heaviness” and solved the problem of motor road traction
a century sooner.

Present - Day Construction. — Practically all present-day
motor carriages have the power applied to the rear wheels, doing
the steering with the forward pair. This plan, of course, involves
several serious problems, the foremost of which is as to how a
carriage can turn a corner, long or short, with both wheels
moving at the same rate of speed. If anyone will observe the rear
wheels of a carriage in the act of turning, he will see that the one,
the pivot wheel, does not revolve or revolves very slowly, as the
radius of the described arc be shorter or longer; while the
other wheel carries the vehicle around with it. Now, if the
power is to be applied to the wheels, either by chain and sprocket,
by spur gears or by a crank, either one of six devices must be
adopted: (1) The power may be applied equally to both wheels,
as in railway locomotives, in which case only turns of very long
radius could be made. This is the reason why the curves of
railroads are seldom made on a radius of less than three-eighths
of a mile (1,980 feet), although, since the steel rails offer im-
mensely less resistance to the wheels than an ordinary road bed,
often allowing the drivers to revolve without progressing, there
is much smaller need of devices for equalizing or compensating
the motions of the pairs. If, then, an automobile can always have
a ten-acre lot or a 200-foot road to turn in, it may be able to drive
on the locomotive plan: under ordinary conditions it must
speedily smash something and come to grief. (2) The motive
power may be applied to one wheel of a pair and not to the other,
either or both turning loose on the axles. But such a plan would
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not only give the carriage a constant tendency to “lurch,” render-
ing forward movement exceedingly difficult, but it would allow
turning in only one direction, except on extremely long curves.
(3) There may be two separate motors, one for each wheel, both
capable of being controlled with the steering apparatus. Such
a plan has been put into actual practice by several manufacturers
of electrical vehicles, who gear their motors to the wheels, or use
the hub to support either the armature or field magnets, as the
case may be. One maker of American steam carriages has
adopted a similar construction, connecting several small cylinders

F1e. 21.—Bergman's Steam Motor Wheel. A number of steam cylinders are arran,

within the hollow hub of the wheel, 80 as to act on a common crank on the axle. e
action is on the plan of a compound engine, the steam being exhausted at low
pressure.

direct to each wheel hub. The plan has its advantages, but is by
no means as simple, accessible and sightly as using one motor
with sprocket connections to the centre of the rear driving shaft.
(4) The driving wheels may be attached to the rotating axle by
clutches, which may be “thrown out” by geared connections to
the steering mechanism. To be really practical the act of disen-
gaging must be effected by the steering lever, otherwise the driver
might forget it at the very time it was needed most. The disad-
vantage of the arrangement is thus obvious; for, since a con-
siderable motion of the lever is required to release the clutch, the
device would be of use only on short curves, as in turning street
corners, when the lever is put all the way about. On long curves



24 SELF-PROPEILLED VEHICLES.

there could be no certainty that disengagement had been effected,
unless complex devices and long connections were employed,
greatly to the detriment of an easy operation of the steering lever.
With the best arranged mechanism there must be some stress
and strain on the drive wheels, in consequence of attempting
by hand what should be accomplished automatically. Also, if the
clutch is to be thrown out every time the steering wheels incline,
ever so slightly, the driving must be irregular, and the speed con-
sequently impaired. (5) The hub of each wheel may be provided
with a ratchet arrangement, adapted to engage the axle and pre-
vent it from rotating forward without engaging the wheel. Such
a construction was used on foot-propelled tricycles twenty years
ago, but was then found faulty because, in turning corners, the
inner wheel had to do the driving. Since that time several im-
proved designs have been made that allow of working in a re-
verse direction, the pawl being so hung as to shift by slight fric-
tion contact, so that, if the axle rotates forward, it will drive the
wheel forward, and also the contrary. With all produced to date,
however, the same fault has been found: When attempting a
slight hill, there is no way of controlling the vehicle except by
applying the brake until the power is reversed and the pawls can
take a positive grip. Altogether, the best pawl and ratchet de-
vices are uncertain and unsatisfactory in action and also
seem unmechanical and unsuitable for motor vehicle use.
(6) The construction most usually adopted is to attach
both drive-wheels rigidly to a revolving axle bar, which
is divided at the centre to connect with a system of compensating
or balance gear wheels enclosed within a cylindrical case
carrying the sprocket. Here there is no loss of power; no need
of lowering the speed on curves of safe radius, and no necessity
for complicated and troublesome devices for coupling the motive
and steering functions.

The Requirements in Balance Gears.—The balance or com-
pensating device, as used on motor vehicles, is commonly called
a “differential gear,” from the fact that the primary object in-
volved in its use is, as we have seen, to allow of differentiation or
compensation in the speeds of the two geared wheels and their
axles in making curves. Any device that will admit of a steady
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drive in straightahead running, a difference of speed in the two
drive-wheels in turning corners, and a rapid restoration of nor-
mal conditions, is usable for this purpose. There is, however,
another necessary function, which may not be omitted—the dif-
ferential must also be a “balance gear.” That is to say, it must
combine with the function of compensation an even or balanced
transmission of power to both wheels. Each wheel, so long as
it is in motion, must be driven with the same degree of power,

Fio 2.—A form of Differential Gear formerly used on Tricycles. The studs of the
pinions, AA, are set in s%okes of the sprocket, turning on their own axes only when
either of the wheels of the vehicle, attached respectively to B and C, cease rotating,
as in the act of turning.

At no time, even on short turns when one wheel is stationary,
acting ‘as a pivot, is it permissible that, say two-thirds of the
power, be sent to one drive-gear, and one-third to the other.
The power, transmitted from the centre of the divided axle shaft,
must always be the same in both directions, even though one
wheel be stationary. On some driven vehicles, particuarly two-
track foot-propelled tricycles, in which the steering wheel is set
directly ahead of one of the drivers, so as to progress on the
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same track, it is desirable to use a compensating gear that is not
a balance gear, because more power is required on one side than
on the other. The failure to understand this fact in the early
days of cycling led to considerable uncertainty in the steering of
tricycles. One of these early machines, a three-track tricycle—
one having the steer wheel hung forward the centre of the twa
drivers—had the compensating device shown in an accompanying
figure, instead of the true balance gearing it should have had.
The device shown would have answered excellently well in a
two-track tricycle, for the reasons noted above. As may be seen,
the device consisted of a large internal gear wheel, within which
and rotating about the same axis was a smaller external gear
or spur wheel—the two meshing with the spur pinions at top and
bottom, as shown. The large internal gear was secured to the
axle of one wheel, the smaller or spur wheel to the opposite one,
and power was applied through the pinions hung on the sprocket.
The result was that the power-driven pinion transmitted more
power to the internal gear, because of its greater diameter, than
to the spur gear, thus giving one wheel a tendency to revolve
more rapidly than the other.

Automobile Qears.—The most familiar form of balance
gears for compensating the drive wheels of motor carriages is the
bevel, or miter, gear train. This is the original form of the device,
and was used on steam road wagons as early as 1843. As shown
in the figure, the sprocket or spur drive wheel has secured to its
inner rim several studs carrying bevel pinions, which, in turn,
engage a bevel gear wheel on either side of the sprocket. These
gear wheels, last mentioned, are rigidly attached on either side to
the inner ends of the centre divided axle-bar, one serving to
turn the left wheel, the other, the right. When, now, power is
applied to the sprocket, causing the vehicle to move straight
forward, it may be readily understood that the bevel pinions,
secured to the sprocket, instead of rotating, which would mean to
turn the drive wheels in opposite directions, remain motionless,
acting simply as a kind of lock or clutch to secure uniform and
continuous rotation of both wheels. So soon as a movement to
turn the vehicle is made, causing the wheels to move with differ-
ent speeds, a fact already mentioned in connection with horse-
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drawn carriages, these pinions begin to rotate on their own axes,
allowing the pivot wheel to slow up or remain stationary, as con-
ditions may require, while still continuing to urge forward the
other at the indicated speed. The principle involved in the device
may be readily expressed under four heads: (1) When the resist-
ance offered by the two drive wheels and attached gear is the
same as when the carriage is driven forward, the pinions cannot
rotate. (2) When the resistance is greater on the one wheel than
on the other, they will rotate correspondingly, although still mov-

Fia. 23. Fia. 4.

Fias. 23 and 24.—Bevel Gear Differentials. The sprocket ﬁen,r carries three bevel pinions
set on studs on three of its radii. These pinions mesh with bevel wheels on either
side, which wheels are attached at the two inner cads of the divided axle shaft. The
:5'" drive has two pinions rotating on radii, and shows the action to better

vantage.

ing forward with the wheel offering the lesser resistance. (3) The
pinions may rotate independently on one gear wheel, while still
acting as a clutch on the other, sufficient in power to carry it for-
ward. (4) If a resistance be met of sufficient power to stop the
rotation of both wheels and their axles, the condition would affect
the entire mechanism, and the pinions would still remain station-
ary on their own axes, just as when in the act of transmitting an
equal movement to both wheels.

For light carriage work the sprocket or spur drive generally
carries two pinions, as shown in the figure, but in larger vehicles
the number is increased to three, four, or six, and the size, pitch
and number of the teeth varied, according to requirements. Of
course, it is essential that the equalizing gears be properly
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chosen for the work they are to perform, in the matter of the
number of the pinions and of their teeth, as well as of the metal
used, since the great strain brought to bear on them will inevit-
ably cause wear and strain. With even the best made bevel-gears
there is a danger of end thrust and a tendency to crowd the

Fre. 25.-—-Section through the axis of a bevel gear differential train, showing two bevel
pinions attached at tn|) and bottom of the sprocket drum, and two bevel gear wheels
one on the through axle shaft, the other on a rotating sleeve.

pinions against the collars, with consequently excessive wear on
both. The result is a looseness that demands constant adjust-
ment.

Spur Compensating Gears —In order to avoid the difficul-
ties encountered with bevel gears, spur-gears were invented, and
are now increasing in popularity. In this variety the theory of
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compensation is the same as with bevel gearing; a divided axle,
whose two inner ends carry gear wheels cut to mesh with pinions
attached to the sprocket pulley. These pinions are, however, set
in geared pairs, with their axes at right angles to the radius of
the sprocket, which is to say parallel to its axis. As will be seen
in the accompanying illustrations, the pinions of each pair are
set alternately on the one side or the other of the sprocket, mesh-
ing with one another in about half of their length, the remainder
of each being left frec to mesh with the axle spurs on the one

Fio. 26.—One form of Spur Differential or Balance Gear. The two inner ends of the di-
vided axle shaft carry spur wheels, which mesh each with one of every pair of the
the threo pairs of open pinions shown. As these pinions mesh together both rotate
on their axes as soon as turning of the wagon begins.

or other side. Both these models have three pairs of pinions,

one of each meshing with either of the axle gears. With one the

ends of the divided axle carry internal gears, with the other
true spur-wheels. The operation is obvious. When the vehicle
is turning, one rear wheel moves less rapidly, causing the pinion
with which it is geared to revolve on its mate, which, in turn,
revolves on its own axis, although still engaging the gear of the
opposite and moving wheel of the vehicle. The motion is thus
perfectly compensated, without the wear and thrust inevitable

with bevels.

A Universal Joint Differential.— Another differential device,
which has been used on some European vchicles, and was
formerly patented in the United States, is shown in the accom-
panying figure. In this, as in other forms of differential gearing,
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the axle shaft is divided at the centre, but instead of rigidly at-
tached gears, carries a universal joint on each inner end, on which
is a short shaft and a small spur pinion. Over the divided axle
shaft are two hollow sleeves, which work freely over it, and are
connected together by a gear box, as shown. Within this gear

Fia. 27.—Another form of Spur Balance Gear. The action is the same as in Fig. 26, ex-
cept that the inner ends of the divided axle carry internal gear wheels, each of which
meshes with one pinion of each pair.

box the two ends of the wheel axle shafts are arranged in bear-
ings at an angle of about thirty degrees, so that the pinions can
mesh. The driving is done by a sprocket attached to the outer
hollow shaft just mentioned, and the motion is transmitted to the
inner shafts attached to the vehicle wheels on either side by the
differential gearing; the spur pinions, in this as in the former
cases, locking fast without rotating so long as the motion of the
wheels is equal and the carriage is driven straight ahead. As
soon as a turn is made the pinions begin to rotate with the
compensating effect found in the bevel and spur gear trains
noticed above.

A rather simpler variation of this device has been proposed,
although not widely used, which consists of two gears slightly
beveled, one mounted direct on the straight axle shaft, the other,
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on a universal joint, as shown. By this construction one univer-
sal joint is saved, while the compensating action of the device
is not at all impaired.

Disadvantages of a Divided Axle Shaft.—The practice of
dividing the axle shaft, thus disconnecting the two wheels of
the vehicle, is a source of weakness which was recognized and
provided against long since. Although, theoretically, the axle
is divided at the centre, as we have described, the construction
now usually adopted is to mount one wheel on the axle shaft and
the other on a hollow shaft or sleeve which works over it. The

Fi1e. 28.—A Universal Joint Differential. The sprocket or spur drive turns the sleeve
which holds the gear case here shown in section. 8o long as travel is straight ahead
neither pinion rotates on its axis, but as soon as a turn is made rotation begins, thus
allowing compensation of the motion of the two wheels of the wagon.

solid shaft can then be made as long as the width of the vehicle,
the differential gear wheel belonging to it being secured about
midway in its length. The other or hollow shaft is about half as
long, so that its gear is attached at the end and is immediately
opposite the other, both meshing with the pinions attached to the
sprocket. Such a construction involves no other variation from
the method of attaching the differential gear-train to the ends of
the divided axle than making the eyes of the two gear wheels of
different diameters, so as to fit the axle shaft, on the one side,
and, the hollow axle, or sleeve, on the other. The sprocket is
then inserted between them, being held in position by the mesh-
ing of the axle gears with the pinions, itself turning loose on the
solid through shaft. The inner, solid axle shaft is secured in posi-
tion by suitable collars. The arrangement may be understood
by reference to Fig. 25.
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Another Through Axle Shaft.—Another typical method
for securing the strength and solidity of a through axle shaft is to
attach both wheels to hollow axles of the same diameter, each of
which carries on its opposite, or inner, end the gear wheel of the
differential train. Another tube, called the “liner tube,” of the
same length as the width of the vehicle, is then inserted in the
hollow axles, and the two are brought together so as to bear upon
a collar secured to the centre of the liner tube. The sprocket and

F1a. 29.—~The Hub- Enclosed Ditferential of the Riker Carriages. A is the rotating sleeve
carrying the drive spur. It is bolted to the yoke carrier, B, and the flange plece, K,
as shown. Cand C are the studs of the bevel pinions attached to the yoke cuﬂer,
B. F is the bevel gear wheel keyed to the rotating through axle shaft, G, whose op-

ite end is rigidly attached to the other hub. The bevel gear, E, is keyed to the
n{‘lanhg‘eg' portion of the hub, D, turning on the reduced portion, H, of the rotating
axle 8| .

differential pinion train are inserted and held in place in a fashion
similar to that used in the previous device, the inter-meshing of
the bevels serving to support it.

A Hub-Enclosed Differential. — The problem of how to
secure compensation of motion between the two rear wheels, and
at the same time overcome the disadvantages of the divided axle
shaft is solved in a different fashion by the Riker Electric Vehicle
Co. Their device is, briefly, to construct the wheels with box
hubs and to enclose the differential gear-train in one of them.
By this means the carriage frame enjoys the full advantage of a
solid through axle shaft, and the divided connection is made at
one end instead of at the centre. The mechanism is as follows:
A solid through axle shaft is rigidly attached to the hub of one
wheel, and has the opposite one running loosely upon it, secured
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by nut and washer, as in the construction used for horse-drawn
vehicles ; howbeit, the gearing within the hub prevents its ready
removal by unscrewing the nut. Over the solid through axle
shaft, which rotates with the wheel attached to it, is sleeved a
hollow rotating shaft, which carries the drive sprocket or spur.
One end of this second shaft works on a bearing with the drive
gear wheel, the other carries a hemispherical yoke-carrier to
which are studded differential bevel pinions having their axes on
the radii of the shaft. To the rear of this yoke piece is a circular

[ S

F1a. 30.—The rear axle of the Thornycroft steam wagon, showing the uliar arrange-
ment of the differential gears and driving connections. The driving is by the spur
gear, A, attached on the gear box in the usual manner. The bevel gear, C, is
mounted rigidly on the right side of the solid through-axle shaft. The gear, B, is
similarly mounted on a sleeve at the left. The wheels, X and Y, turn loose on the
through rotating axle, being driven br the sgrrlngs, D and E, which bear upon lugs
at the rim, as will be subsequently explained. This arrangement permits the removal
of either wheel, as in horse carriages. G and F are the wagon springs, onc resting
above the rotating axle, the other above the rotating sleeve.

flange piece of a size to fit the inner circumference of the box hub,
and turn loosely, when the differential gearing is brought into
action: when the drive is straight ahead it turns with the hub,
being of one piece with the yoke carrying the bevel pinions. The
differential train is completed by the addition of the two side gear
wheels, meshing with the bevel pinions, as in other systems of
compensating mechanism. One of these gear wheels, the inner
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one, is keyed to the solid through axle shaft, and turns or stops,
according to the motions of the opposite wheel of the vehicle.
The other is keyed to an in-flanged sleeve on the hub, this sleeve
working loose on the extremity of the solid axle shaft, which is
turned to a smaller diameter than the remainder of the length,
and is terminated by a nut and washer, as previously mentioned.

Fia. 30a.—Plan view of a t, of differential and transmission gear for germlttln the
use of dished wheels. is the driving shaft, which drives the bevels, B and C, on
the two half axles, D and E, through the bevels, A and F. These last are loose on H,
being held rigid by intermeshing with pinions, G, G, carried on a cross arm on H.
Differential action between the two rear wheels is obtained when, in turning, Bor C
offers resistance to the rotation of A or F; such resistance causing the pinions, G and
@G, to rotate on their axes, compensating the movements of the two wheels, as in
other differential gears. This device allows the use of dished wheels, since, as is
evident, the gears, B and C, may be inclined at any desired angle together with their
axles, by merely altering the angles of the bevels. The ratios of the gears, Band A,
and C ;m(:l F, being the same the balance of speed and power in transmission is
maintained.

The differential action is obvious, since the bevel pinions are
studded to a yoke-carrier at the end of the hollow drive-shaft, in-
stead of to the sprocket or driving spur; onebevel-gearofthetrain
being secured to the axle solid with the wheel opposite to the dif-
ferential hub,andtheotherto the body of the differential hub itself.



CHAPTER THREE.
STEERING A MOTOR CARRIAGE.

Steering Gear of Automobiles.— In a horse-drawn vehicle,
as we have seen, the front axle shait is centre-pivoted below the
body of the carriage and in turning bears on the “fifth wheel.”
Such an arrangement is the most practical for this class of vehicle,
since the tractive power, the horse, can pull in any direction with-
out the use of further appliances than the guiding lines, or reins.
In motor vehicles, however, it is not always practicable to so com-
bine the steering and tractive functions, as to imitate the actions

Nﬁlé:&l:l::;gé{ballmor la}ght 'l‘wo-Pa;qenger Car, having a Slv'viegginf {mnt Axlﬁ.

L T T S Sy i stached Lk bar works
of a horse. Consequently, it is necessary to provide mechanical
means for shifting the direction of the forward or steering wheels.
This result may be accomplished by attaching some kind of
lever, sprocket, or spur-gear arrangement to a “fifth wheel,” and
operate it by a handle near the seat of the carriage. To success-
fully accomplish this result with a steering handle, such as is used
on most American motor carriages, would require a considerable
expenditure of muscular energy and a wide angle of leverage, be-
sides involving delay and difficulty on many turns. With a well-
geared steering wheel it has been successfully adopted by Pan-
hard and Levassor, in one of their light two-scated cars. For
general purposes, however, the simplest and readiest construction

%
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for attaining easy steering, and at the same time securing the
needed stability of the frame, is found in the use of a rigid
through axle shaft and knuckle-jointed stud axles.

Pivoted Stud Axles.—In automobiles the forward axle shaft
is attached beneath the body of the vehicle, so as to admit of no
rotary movement whatever on its own centre. At each end it

Fia. 32.—The Oakman-Hertel Gasoline Carriage, showing the steer wheels set in and
turned by bicycle forks.

carries a fork, or yoke, to which is pivot-bolted, at right angles to
the axle shaft, so as to form a true knuckle-joint, a boss carrying
two branches, one of them of cylindrical shape to fit the axle box
of the wheel, which is suitably secured, as in horse-drawn vehicles,
so as to rotate freely; the other being an arm, shaped for attach-
ing the transverse steering link bar. This link bar is generally
arranged to connect the steering arms of both stud axles on the
through axle shaft, the connections for the control handle or
wheel, placed conveniently to the driver’s hand, varying with
different manufacturers. Pivoted axles, which are generally
known as the Ackerman axles, and were invented by a certain
Lankensperger of Munich, as early as 1819, thus furnish the
readiest and simplest means for steering motor vehicles, at the
same time permitting maintenance of stability. The transverse
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steering link bar attachied to an arm at either end is readily ma-
nipulated by the driver, and with but small exertion, since the
pivots, attached direct to the axles of the wheels, permit a wide
angle of variation in the vehicle’s direction of travel for a very
slight shifting of the steering handle. The balance of leverage
being also in the driver’s favor, it is possible to turn the vehicle in
any desired direction quickly and with ease. This same fact also
involves that the steering handle cannot be wobbled or vibrated.

Fias. 88 and 34.—Two forms of Stud Steering Axle, showing differing arrangement of
steering arms and pivots.

The Theory of Steering Axles. — The operation of pivoted
steering axles depends upon fixing the pivot as near as possible
to the centre of the wheel, in order to enable the greatest arc of
operation for the smallest motion of the hand lever. In this
respect the steering wheel of a bicycle is typical, and some makers
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of automobiles who use steering whcels similarly mounted on

forks, either in pairs, as in the Oakman gasoline carriage, or as a

single front wheel, as in the Knox three-wheel gasoline car-

riage, are able thus to secure a remarkably easy and efficient

leverage. But, since this construction is not the most suitable for

heavy carriages, and is not generally popular, manufacturers and
J

F16. 35.—Inwardly Inclined Steering Pivot of the Duryea Carriages. The lines passing
through the pivot and across the axle converge at the point of contact of the tire
with the ground, thus securing the effect of centre steering.

inventors have busied themselves devising other methods for ac-
complishing the same result. One of these is to incline the stud
axle downward at such an angle as will cause the tire, or periph-
cry, of the wheel to strike the ground at a point coincident with
a line drawn through the knuckle pivot. As an additional ad-
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vantage for this construction, it is claimed that the force of a
collision is delivered at or about this line of incidence, rather
than on the hub or its axle connection, thus ensuring greater
security, and saving the driver a shock. Another device is tc
incline the pivot axis inward, leaving the axle horizontal, or
nearly so, with the result that, as in the previous case, a line
drawn through the pivot strikes the ground at the same point
with the periphery of the wheel which is itself in a vertical posi-

tion.
JAY

F1G. 36.—The Haynes-Apperson Double Yoke Steering Pivot Axle. The steering armn is
Mi:a.c]h:dbat , thus securing the turning effect at approximately the centre of the
wheel hub,

Constructional Points on Steering Axles.— It is of prime
importance that the construction of the steering knuckles of
pivoted axles should be as heavy and durable as the size and
weight of the carriage will permit. To neglect this point and
attempt a lighter and prettier-looking joint will involve rapid
wear and loose bearings to the detriment of gocd steering quali-
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ties. At this point it may be in place to remark that it seems to
be a regular superstition with some manufacturers of motor car-
riages that lightness of construction is the first thing needful in a
successful vehicle. For this reason many of them weaken their
carriages by using tubular frames with an excessive number of
joints, thus making nearly inevitable a rupture somewhere under
stress of vibration or constant use on rough roads. One make
of American gasoline carriage, which combines a number of ex-
ceptionally excellent mechanical conceptions, carries the idea
of lightness to such an extreme as to make the various parts far
too small to be really serviceable under test conditions. It is
probable that the total weight thus saved would not equal one-

Fia. 87.—Form of Steering Head used on the English Daimler Cars and Others. The
steeri‘x:gd arm projects from the front of the pivot. Part of the drag link is shown
attached.

third of a hundred pounds, a matter of no particular moment,
when we consider that, as it is claimed, the motor is of ten horse-
power capacity. Contrary to this practice, the worth of a motor
carriage, with any type of motor, may be fairly estimated by
considering how substantial and durable are the parts exposed to
running stress—such are the brake drums, the differential gear-
ing and the steering mechanism—and, whether such parts are
of sufficient proportions to admit of easy operation and the resist-
ance of ordinary violence. These qualities are particularly essen-
tial in the construction of the pivoted axles, and may be readily
recognized in the accompanying figures of typical structures.

Other Steering Pivots.—The ends of superior strength and
centre-steering are approximated differently by other carriage
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builders. The Haynes-Apperson Co. uses a double yoke ar-
rangement; one.yoke being of a piece with the through axle
shaft, the other pivot-bolted at each extremity with the first, and
carrying the axle spindle at its centre. The National Automo-
bile and Electric Co. have a vertical bearing at the end of the axle
shaft, instead of the usual fork, and within this works a short stud

fous

T /

F1a. 38.—Form of Stearlnc Pivot and Axle used by the National Automobile and Electrie
The steering arm is attac at the point marked A.

piece carrying the horizontal spindle at the base, the steering arm
being bolted at the top. This device seems to be a simplified
variation of the one used on the Panhard vehicles, which have a
similar upright bearing, or cone pivot, carrying an axle stud and
axle in similar fashion, but with the steering gear attached at the
base.

Pivoted Wheel Hubs.— Several manufacturers, most notably
the Riker Electric Vehicle Co., have attempted to improve the
operation of the pivoted steering wheels by enclosing the pivot
and lever arm attachments within a hollow hub. The construc-
tion includes a hollow cylinder or tube length, which is pene-
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trated by the end of the axle shaft and pivot-bolted to it, so as to
turn in either direction under impulse from a steering handle
fixed to its inner end and running parallel with the main axle
shaft. Around the edges of this pivoted tube run two hard steel
cones which engage a train of ball-bearings enclosed in a circular
ball-race or retainer fixed on the inside circumference of another
and larger tube or box, which forms the hub of the wheel, and
runs freely upon the first, the pivoted box, on the train of ball-
bearings. This device bringing the pivot exactly at the centre
of the wheel is an eminently effective means of accomplishing

Fia. 39.—Pivoted Steering Hub used on the Riker Carriages. A is the axle shaft; B, the
pivot connecting A to the tubular swinging hub, C. E and E’ are circular cones
which bear on the balls mounted in the ball races, F and F’, thus permitting the hub
D to rotate independently on the inner tube, C. The steering arm, H, attached to C
turns both C and D on the pivot, B.

easy and perfect steering. The construction must, however, be
strong and comparatively heavy, so as not to achieve ease of
operation by a sacrifice of durability.

Numerous inventors have adopted the general idea of placing
the pivot within the hub, and effecting the steering by lever and
swivel attachments, but the Riker hub is typical of most such
devices. The Clubbe and Southey pivoted hub operates on a
simpler plan. The fork, or yoke, on the through axle shaft is
slightly bent forward at the end, so that a pivot bolt through the
eyes pierces a boss attached tangent-wise to a short tubular axle
bearing, in which the stud axle, carrying the wheel, revolves
freely. The hub is hollow and hemispherical, so as to contain the
whole mechanism of the pivot joint, which is slightly forward of



STEERING A MOZ0R CARRIAGE, 48

the centre, giving a caster action to the wheel in turning. The
steering arm is attached to the axle bearing about midway in its
length and opposite to the pivot boss.

Requirements in Steering Motor Carriages.—While the nov-
ice in mechanics may consider that some of the details and con-
trivances, thus far described, are quite unnecessary, he will read-
ily recognize their importance when the facts are explained.
Thus, when informed that the steering wheels of an automobile
must, in turning the vehicle, describe concentric arcs, on radii
which differ in length by the distance between the wheels, he will
understand that the axle of each must project from the perch at
an angle diverse from that made by the other. The arcs thus de-
scribed must be concentric in order to maintain both wheels in

Fia_40.—The Clubbe and Sonthai:’ivoted Steering Hub used on the Carriages of the
Electric Motive Power Co., of England. As may be seen, the pivot is to one sidc of
the axle, thus giving the wheel a true castor movement in turning.

the same direction, without side-slip or resistance; they must
be on radii of differing length, because, as is obvious, two parallel
wheels, separated by even a minute distance, cannot run in the
same tire track. The wheel axles must project from the trans-
verse axle-tree at different angles, because the two wheels, hav-
ing the same diameter, no matter how their relative speeds may
differ, will by any other arrangement fail to run in the same
curved direction. This principle is not applied in the steering of
horse-drawn carriages for several reasons: (1) The wheels, being
carried at either end of a centre-pivoted swinging axle-tree, are
always held on the radius of the turning arc. (2) The steel tires
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permit considerable slipping, impossible with rubber, thus al-
lowing a moderately complete compensation of diverse arcs and
speeds. (3) The motive power being derived from an outside
agent—the horse—the continuous movement is not impaired, or
the steering rendered uncertain, as must be the case in a self-
propelling vehicle, which is moved from the rear. (4) As the
careful driver very soon learns, the arc of turning must be on a
radius of generally twice the carriage length, if an upset is to be
avoided, although this depends on the speed and location of the
centre of gravity.

The same principle is applied in railroad cars and locomotives
in a manner impracticable for either horse or motor carriages.
Here, although the wheels are always rigidly attached in pairs at
either extremity of rotating through axles, and in fours to the

F16. 41.—~Thre Loomis Steering Head. This device differs from the conventional yoke and
pivot arrangement in the fact that the yoke is on the stud axle instead of the axle-
tree end, and is offset from the end centre, thus allowing of a castor movement.

trucks, composed of two parallel through rotating axles with
their attached wheels, the differing concentric arcs described by
the two rails of the track in rounding a curve are followed.

Constructional Theory of Railroad Wheels.—As may be
readily understood, the theoretical requirements to enable the
wheels on the axles of a railroad car to perfectly follow both rails
of a curved track involves that they be constructed to form a
cone, whose apex is at the centre of the described arc and whose
hase is the outside face of the outer wheel. In other words, the
wheel nearest the centre of the curve would have to be made
of smaller diameter than the other, which, although the theoreti-
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cally perfect construction for curves, would render the car useless
for straight-ahead travel, if practically carried out. To accom-
plish the desired end, however, car wheels have been made with
a cone-shaped tread—forming, in fact, a double cone—the base
of the cone being against the flange of the wheel. In turning a
curve, then, the outer wheel, impelled by centrifugal force, rotates

'

:
- -—— ———— —-—— - . - '- - ———— — ——— —— ————
+ oo '

]

L]
o= = —-0:1-----0{—-—0{-.-— -I’---_:_- -..-.q,‘".-..,i.._ ———ayt -

fo- =
bt = =

F1a. 42.—The Ooned Tread of a Railroad Car Wheel, intended to allow the two wheels to
describe concentric arcs in turning curves.
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F1a. 48.—Position of the Wheels of a Railroad Car on the Rails in Turning a Curve.

on its largest diamecter, while the inner wheel, from the same
cause, rotates on its smallest. Thus is approximated the require-
ment that the two wheels on an axle should run on different
diameters in making a curve. In practice the stress and friction
of travel eventually wears down the coned surface, particularly
at the flange of both wheels, where it is most needed, leaving con-
siderable of the compensating effect on curves to the slipping
of the wheels on the rails, or to the angular difference due to ele-
vating the longer, or outer, rail of the track.
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Angles of the Steering Axles.—With an understanding of
the positive necessity of providing some means to keep both the
steering axles of a motor carriage on radii from a common centre,
in order to neutralize the tendency to side slip and skidding, and
secure positive control of the vehicle’s direction, it is evident that
some arrangement must be included for varying the angles of

F1a. 44.—Di m Ilustrating the Position of the Steering Wheels in Turning. As will
be seen, they both are tangential to arcs described on a common centre, as is neces-
sary in order to describe such concentric arcs and give positive steering, when the
motive impulse is from behind.

the two from the transverse axle bar. As may be readily under-
stood, when a carriage’s travel is changed from the straight-
ahead direction to a curve, the steering wheel moving on the
in-track, or smaller arc, must assume a greater angle at the axle
than the outer wheel, which moves on the larger of the two con-
centric arcs. It is further evident that such variation of axial
angles must be accomplished by some device at the steering arms
of the stud axles. If these steering arms be fixed at
right angles to the axles, so that the transverse drag-
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link is of a length about identical with the distance between the
wheel bases, any effort to turn the wheels in steering will shift
the angles of both arms with the fixed axle-tree equally, hence,
causing the axles to assume positions as radii from different cen-
tres. The result will be that the outer wheel will describe an arc
tending to cross those described by all the other wheels, and
may slide or rub, without revolving, as much as one foot in every

s a

© \o/ 9] ﬂ]

w J V U
Fra. 46. F1a.'47,

Fias. 45, 46 and 47.—Diagrams of Motor Carriage Forward Axles, showing three

ments of link bars and stecring arms. In the first the steering arms are inclined in-
-ward at the required angle and connected across the carriage width by a single link.
In the second the steering arms are fixed at right angles to the axle-tree, and the
angle of inclination is made at a centre pivoted bell crank. Inthe third the angle of
inclination is divided between the steering arms and the central bell crank. Theo-
retically, the sum of the an;iles in the third figure is equal to that in the first, and to
the angle of the bell crank in the sccond.

six. Such a procedure must, of course, retard the progress of the
vehicle very seriously, and, from the uncertainty of steering in-
volved, must be particularly troublesome, even dangerous, on
narrow turns, It is evident in this case that the outer wheel
axle is at too great an angle, or that the inner is at too small an
angle. The simplest method of at once obviating this trouble
and also securing the proper angles of the axles is to incline the
two steering arms inward from the right angle and make the
transverse drag-link shorter than the distance between the axle
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pivots. If the drag-link be forward the axle-tree, the steering
arms are inclined outward.

With this arrangement, as may be readily understood, any
effort to change the direction of the travel will cause the arm of
the outer wheel to approach the right angle with the transverse
through axle bar, and cause the arm of the inner wheel to move
proportionately away from the right angle. Moreover, since the
end of the transverse drag-link attached to this inner axle-arm
must, in the act of thus widening the angle, be approached nearer
and nearer to the immovable through axle bar, it must describe

¥1e. 48.—Steering Connections of the Panhard Carriages. The spindle of the steering
hand wheel carries a worm gear at its base, which actuates a toothed sector, as
shown. This swings an arm and moves the drag-link attached to the arm at the base
of the steering head. The transverse drag-link connecting the two steering heads
is attached to the arm extending from the front of the carriage. The link between
the steering head and the sector arm has ball joints and can adjust the distance as
the carriage rises and falls on the springs.

an arc, thus passing through a greater number of degrees than
will the opposite, or outer, end. Consequently, the object of se-
curing a greater angular inclination for the axle of the inner wheel
will be accomplished and the proper difference for all usual con-
ditions between the angles of the two, approximated. That is,
although it generally happens that the angular inclination of the
steering arms works best on curves of radius midway between
the extremely long and extremely short, it has been found that




49

STEERING A4 MOTOR CARRIAGE.

‘AL ‘A ‘SToOqA
oY) Jo ‘g ‘g ‘seixs pojoald oqjy pue ', pu® (I ‘SwIE Y] ULLMIeq NAI| owaaon_zcub
Y3 03 pajjwWesue) ‘udng U ‘s] uojjow 9soyM “JF ‘Juj| 943 89IBUIDE puv T ‘W8 BY)
soAowl 81Q], ‘Y ‘Tead wioM oyl M 8M_ES yorys uotuyd waom B solaed ‘' ‘aeqid
{eeqa pusy 9y, ‘uoSvp wWeBIF 3)JOJO.

the difference is not sufficiently great to disturb the parallelism
of the described arcs or cause damaging slips and skidding.
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Arrangement of the Steering Handle.—The steering arms
on the pivoted axle bosses are connected across the width of the
carriage by a drag-link bar, which transmits the impulses given
at the wheel or lever by the driver’s hand. Most often the at-
tachment is made by a second link bar, attached at one end to
one of the steering arms, and, at the other, to the steering wheel
or lever, so that this particular arm is dragged or pushed, ac-
cording to the desired direction in steering. The majority of
American motor carriages are equipped with a handle and lever
—sometimes in the centre of the vehicle, sometimes at the side—
while, in Europe, the hand wheel is the most typical arrangement.
The accompanying diagrams show several typical methods of
arranging the steering mechanism with reference to the steering
link. One of the most common devices is that used in vehicles
of the De Dion voiturette type, described as the “ordinary bicycle
steering.” 'The handle bar and post may be vertical or inclined,
and is connected with the steering device in front by link rods,
gears or chains. On some of the Panhard vehicles the link bar
actuating the steering arm is jointed to a toothed sector which
engages a worm thread on the end of the rearwardly-inclined
shaft of fhe hand wheel before the driver’s seat.

As regards lever steering and wheel steering it is mostly a
matter of design. The first objection to the lever that occurs
to the mind of a novice is that, if attached to a vertical steering
head and of sufficient length to be convenient to the driver’s
hand, a larger arc will be described than is perfectly comfortable.

On this account, however, most lever steerings, operate not di-
rectly on the steering head, but through intermediate levers by
which the power may be varied to suit the requirements of each
turn. Generally speaking, a short steering lever turned at a
considerable angle to produce the required deflection of the
steering gear is preferable, although, in reality, it becomes a re-
duced and modified form of stcering wheel. DBy lessening the
load on the front of the carriage, by properly inclining the steer-
ing heads, and by providing to avoid all lost motion, the steering
effort may be so reduced as to make possible the use of a short
lever, such as is used on the Duryea and De Dion vehicles, with
the accompanying advantages of easy, ready handling and small
arcs.
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F1a. 50,

F1as. 50 and 51.—The Steering Arrangement of the Gobron-Brillie Carriages. In both
fizures A is a hand wheel, at the end of whose spindle, D, is an arm, E, to which ¢
pivoted a toothed sector, B. The arm, E, being moved as the wheel, A, is turned,
carries around with it the pivot of the sector, B. This sector meshes with the pinion.
C. turning loose on the steering pillar. as shown, and is accordingly rotated through
anarc. Thus the arm, F, attached to the pivot of B.on E. has a double motion,
which involves that the slightest movement of the wheel. A, I8 unusually effective in
actuating the steering arms, through the link attached, as indicated, to the end of F.
Also, any stress at the wheels is unable to reverse or disturb the movement thus
directed. The spring. G, attached to the arm, H, serves to stcady the movement and
restore F to normal position when required.
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Practical Points on Steering Angles.—In general, the steer-
ing angle of an automobile carriage, which is to say the sum of
the inclinations of the two steering arms from the right angle, is
between fifty and sixty degrees, giving an inclination for each
arm of between twenty-five and thirty degrees. Some of the best
makes of carriage have it at or about twenty-five degrees. As
shown in the accompanying diagrams, however, various de-
signers have modified the typical arrangement of inclining the
steering arms inward and using a short drag-link to connect
them. Some have adopted the device of placing the arms at right
angles and using a link in two sections connected to a fork or

111 1LLLALLLL TR LR LR ALRR LR LRV

Fia. 52.—Steering Arrangement of the Clarkson-Capel Steam Wagon. The spindle of the
steering wheel carries a screw at its end, which works a boes, as the wheel is turned.
thus actuating the lever and drag-link attached to the arm of one of the axle pivots.

bell crank having the total required angle, fifty or sixty degrees,
and pivoted at the centre of the fixed axle bar. Others have so
combined this with the first-named construction as to divide the
angle between the centre-pivoted bell crank and the steering
arms, making the former, say thirty degrees and the two latter
fifteen degrees each. The primary object achieved in either of
these devices, as compared with those previously named, is to
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ensure the end of ready manipulation of the steering lever. The
first-named construction is the one best suited to carriages hav-
ing the steering pivot in the theoretically correct place—within
the hub. When for structural reasons the transverse drag-link
bar is placed in front of the axle-tree, a position preferred by sev-
eral manufacturers, the steering arms attached to the bosses of
the swinging axles are inclined outward, instead of inward, at
the angles found most suitable with reference to the width of the
vehicle between the wheel pivots and to the diameter of the
wheels. A very useful construction, used on the Duryea car-
riages and others, is to incline the upper end of the axle boss,
or pivot, inward toward the centre of the vehicle, so that a line
drawn through the axis touches the ground at the centre of the
pneumatic tire. This achieves not only the desirable end of cen-
tre-steering, as already mentioned above, but also allows a cer-
tain inclination, or rake to the steering wheels, as in a bicycle,
when making a turn. The rake is a positive advantage to ready
steering qualities, when the inclination of the axle pivot is not at
so great an angle as to bring unusual side strain on the wheels.
Other things being equally favorable, it is also efficient in re-
ducing the steering effort.

Fio. 53.—8teering Arrangement of the Amadie Bolee Steam Coach (1881). A hand wheel
spindle carries a spur pinion at its base, which working on an internal l&w sector,
as shown, operates the bell crank, actuating the two transverse drag-links.



CHAPTER FOUR.

VARIOUS DEVICES FOR COMBINING THE STEERING AND
DRIVING FUNCTIONS.,

Front Driving and Steering.— It will require very little re-
flection to understand that to drive direct on a pivoted steering
wheel must involve a peculiar and carefully adjusted gearing, so
that the two functions, driving and steering, may be exercised
without interference. Were it possible always to apply the power
to the forward wheels it would be advantageous in a number of
particulars. Since, however, its accomplishment demands the
use of crown or bevel gears, with a consequent strength and
weight of construction, it is not perfectly practicable in the lighter
patterns of motor carriages. The accompanying figure of a com-
bined driving and steering device, as used in some of the Hurtu
electric cabs, shows one arrangement of gearing for accomplish-
ing the result. Here I is the armature of the motor, NN, the
magnets and B, a frame supporting the armature spindle which
rotates on the axis, XX. To this spindle is attached the spur
pinion, P, which meshes with the pinion, 7, turning on the axis,
vy, within the boss of the steering pivot. The spur pinion, r, is
made in one piece with the bevel pinion, a, and this latter engages
the toothed bevel ring, b, which is clamped to the spokes of the
wheel, RR. As may be understood, it is possible to swing the
wheel, RR, on the axis, yy, fixed in the yoke, E, without inter-
fering with the transmission of driving power from the pinion, a,
to the bevel ring, b, thus permitting the vehicle to be steered and
driven on the same wheel.

A more recently patented device of the same description for
electric wagons uses a separate axle for each steering driver, on
which is mounted a separate motor. The power is transmitted
by a spur pinion engaging an internally-geared ring secured to
the spokes of the wheel, and the whole device, axle, motor and
wheel, being pivoted to the end of a rigid transverse bar, may be
turned by the steering gear. The steering pivots are operated by

54
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a worm gear at the top of each being engaged by a worm pinion at
the extremity of a transverse rotatable bar. In either of these
devices the act of steering may be accomplished without moving
the motor armature.

~—

Fra. 54. Fo. 55.
Fia. 84.—Motor Steering Wheel of the Hurtu Cabs. A drag-link attached to the arm of

the pivots can turn the wheels without disturbing the operation of the motor.

F1a. 35.—8teering Motor Wheel Arrangement, by which a worm gear and :lnlon device,
actuated as shown by bevel gears, turns the stud axle entirely around with the at-
tached motor and gearing, without interrupting a steady drive.

All-Wheel Driving.— Numerous devices have been introduced
for the purpose of driving on all four wheels of a motor carriage.
Most such are objectionable, however, on the ground of greatly
complicating the mechanism and thus proving nearly impracti-
cable for lighter kinds of vehicles. The accompanying figure
shows one of the best of these, the subject of a recently granted
patent. As may be seen, the driving is by two shafts and two
sleeves running in the length of the carriage, and transmitting the
rotative movement from two separate trains of bevel gears to the
front and rear wheels bv sets of universal joints. The front

wheels rotate in pivoted bearings, so as to be effectually turned
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in steering, without interfering with their motion on their own
axes, or in any way altering the action of the motor. As may be
readily understood, a proper arrangement of bevel gearing at the
pinions attached to the rotating shafts and sleeves will give the
effect of compensating the speeds of the two rear wheels in turn-
ing, according to the principles previously explained.

Fra. 56.—Recently Patented Device for Dri on all Four Wheels by a m of Uni-
versal e.l:ints. The steering arms are not inclined, since the wheels ng driven fol-
low their paths without slipping.

All-Wheel Driving and Steering.— The advantages to be
gained in a practical device for applying power to all the wheels
are still further enhanced by the additional feature of steering
with all four. This is desirable, if we wish such advantages as
come by driving on the front wheels and steering with the
rear. To steer with the rear wheels only is not always prac-
ticable. When the front wheels only are driving it is impos-
sible to propel the carriage up a steep hill, owing to the shift-
ing centre of gravity. With the Cotta steam carriage the power
is divided by a quadruple compensating gear into four equal and
independent parts, and is then transmitted to each of the four
wheels, which are 30 inches diameter with 23}-inch tires. By
this arrangement the wheels, each being independent of the
others, are allowed freedom in speed. in passing over obstructions
or unevenness in the roadway without reference to the travel of
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F1a. 57.—Cotta Carriage Frame for Four-wheel Driving and Steering. The motor drives
on a balance gear at the centre of the frame, whence motion is transmitted to all
wheels by chain and sprocket connections. All four hubs are J)ivoted for steering,
and are connected in pairs across the width of the frame by drag-links. The two
links arc geared together, as shown, so that the travel of all the wheels may be varied

at once by the steering lever,
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any of the others, and under all conditions each wheel receives
one-fourth of the power, and does its share of the propelling of
the vehicle. It is plain to see the necessity of such a compensat-
ing device, when we consider that, on a perfectly smooth road-
way and traveling straight ahead, each wheel would make a
different number of revolutions in a given distance, owing to the
fact that it is impossible to have tires inflated exactly alike, and

F1a. 58.—The Pretot Fore-Carriage shown attached to a Victoria Carriage. The attach-
ment is on a fifth wheel running on roller bearings, and turning by geared connec-
tions with the steering hand wheel.

also that some wheels will carry more weight than others, de-
pressing some tires more than others and giving them a dimin-
ished radius and less circumference.

“The Cotta steering pivot is in the direct centre of the wheels,
the wheels only oscillating in turning a curve, doing away with
all side jar on the steering lever on rough roads, so objectionable
in other vehicles. As this vehicle is intended to be a success on
bad roads as well as good ones, the makers have arranged to
guide all four wheels, bringing the rear wheels around in the
same track as the front ones in rounding a curve, and making
but two tracks, instead of four, when in the mud, making it as
easy to travel on a curve as straight ahead.”

As to Rear Steering.— In considering some of the advantages
to be derived from front driving arrangements, the idea of steer-
ing with the rear wheels only might seem equally advantageous
to some minds. But this is impracticable for motor carriages,
since its adoption would mean the destruction of good steering
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qualities. The situation is well expressed in the “Horseless
Age”: “The objections to rear steering are that, when a car-
riage is standing near a curb, it is impossible to turn off sharply,
as the steering wheel (rear) would run into the curb; and that,
when near a ditch or impassable section of the road, in order to
turn away from these, the steering wheels (rear) must first run
toward them, which may lead to difficulties.”

Automobile Fore-Carriages and llotor Wheels. — Among
other solutions of the important problem, as some consider it, of
combined driving and steering on the front wheels, may be ynen-
tioned such devices as the Pretot fore-carriage, manufactured in
France and England, and also introduced in the United States.
As shown by the accompanying figure, this device is a two-
wheeled truck, which may be attached to almost any vehicle by
slight alteration, and capable of being turned for steering on a
kind of fifth wheel arrangement running on rollers. The fore-
carriage itself contains a gasoline motor of between five and ten
horse-power, with suitable transmission gear, permitting three
speeds forward and a reverse, and is controlled by the single lever
to the rear of the steering wheel. Fuel for the motor is carried in
the receptacle in front of the dash-board. It is claimed that this
device permits easy motion of the vehicle and absolute control,
together with ready steering qualities. An American invention
of somewhat similar description is the International Motor
Wheel, which is, briefly, a single forward drive wheel, carrying
on its frame a double cylinder gasoline motor and its fly-wheel.
The frame may be clamped to the front of any vehicle, which may
be steered by a brake-wheel working on a spur gear. One ad-
vantage of the device is that no reverse contrivance is necessary;
the wheel needing only to be turned completely around in order
to back the carriage when the motor is started.

The American Bicycle Co. recently put on the market a three-
wheeled carriage—the “Trimoto”—capable of seating two per-
sons and giving a speed of twelve miles per hour. As in the last-
named contrivance, the motor, as well as the gasoline receptacle,
are slung on the frame of the forward single wheel. Steering and
motor control are both achieved by a single lever coming to the
driver’s hand over the dashboard.
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The Conditions for Good Traction and Steering. —Such
machines as above described work very well on good and level
roads, but, as a general principle, hanging the motor in front in-
volves insufficient traction and causes the forward wheel to skid
even on slight hills, when the weight is mostly over the rear axle.
In the early days of motor carriage construction it was com-
monly believed that overloading the rear, or drive-wheels, in-
volves skidding, whereas the reverse is true, and ai the present

F16. 59.—Front-Driving Brougham of the Electric Vehicle Co., used in New York City.
This model, which is no longer manufactured, represents a construction very suitable
for city service, but quite inappropriate for country and general use.

time the rule is to make them carry the greater part of the load.

in order to promote traction. It is obvious, then, that the rear

axle is most logically the drive axle, since, when ascending hills
the bulk of the weight must come upon it on any theory of con-
struction. Moreover, it must also properly be the load-carrier,
‘'since, as has been frequently demonstrated, any attempt to place
the greater weight in front only complicates difficulties. Car-
riages constructed to carry the load on the front axle have fre-
quently exhibited the tendency to slip sideways, particularly
when the brake has been suddenly applied. It has not been an
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uncommon thing that such carriages would turn completely
around on a greasy street, when propelled by sufficient power to
cause the wheels to slide. It has also been found that any ar-
rangement that will prevent slipping forward will also do away
with the danger of slipping sideways. Hence, a well-loaded rear
driving axle may be considered a permanence, not to say a practi-
cal necessity in motor carriage construction,

F1a. 60.—A Winton Touring Carriage, 1901 Model. This is one of the several excellent
types of American motor carriage using a hand wheel for steering.



CHAPTER FIVE,

THE UNDERFRAMES OF MOTOR CARRIAGES.

Frames for Motor Carriages.—In general, it may be said,
the problems involved in the construction of motor carriage
underframes are comparatively simple. They must embody
lightness and strength, firmness and some flexibility, and suffi-
cient solidity to resist the destructive effects of motor vibration.
The last-named consideration is of particular importance in the
construction of gasoline carriages, but is to a certain extent true
also of steam carriages, since even with the best-constructed en-
gine of the latter variety, the long-continued stress of vibration
is liable to produce strain and breakage, if not properly calcu-
lated. In other particulars the frame of a horse-drawn vehicle is
fairly typical, except in so far as the conditions involved in
mounting a motor necessitate consideration of new centres of re-
sistance to strain.

Horse Carriages and Motor Carriages. —The general situa-
tion as regards the constructional relations of the underframes
for horse carriages and motor carriages has been summed by Mr.
Woods, as follows : “The trouble has usually been that engineers,
electricians and mechanicians have been the original authors of
the automobile, and their minds have been so concentrated upon
the development and perfection of the mechanical and electrical
parts that they have entirely ignored the artistic side of it. This
was undoubtedly brought about by the indifference and skepti-
cism, as well as opposition, offered the advancement of the motor
vehicle from legitimate carriage manufacturers, to whom such
men refrained from going for advice. There is no question but
that this problem belonged to the carriage manufacturers, and,
had they taken hold of it in time, they would have preserved
to themselves an industry which they rightly had earned by prior
experience and conceptions as carriage producers. * * * *
Another point of construction is bicycle tubing, or tubing of that
nature, for frame work or running gears—in other words, bicycle

62




UNDERFRAMES OF MOTOR CARRIAGES. 63

construction for supporting the carriage and its weight, as com-
pared with regular and well-known carriage methods of construc-
tion. Tubing can, without doubt, be made strong enough, but
that is not the question altogether. We must have the entire
carriage construction in such shape that it can be repaired by
the same class of artisans, blacksmiths, etc., that is now employed
by the carriage-makers throughout the country. * * * * %
A motor vehicle should bz constructed in all of its iron work,
its running gear and axles, the method of putting on its springs,
etc., as nearly as possible after the methods now in existence in
the carriage world, using, as far as practicable throughout the
vehicle, standard carriage hardware. In this way the purchaser
of an automobile has a resource at his own door for such repairs
as he may need from year to year in addition to his regular paint-
ing, varnishing and trimming repairs.”

Steel Tubing Pramework.—There are two principal ob-
jects sought in the use of tubular framework for motor carriages
—strength and lightness. These desiderata, which are possible
in cycles only with this style of construction, are less prominent
in automobiles. Thus it is that, while the majority of European
machines still adhere to its use, there is a strongly-marked ten-
dency in America toward angle iron frames, and even more fa-
miliar combinations. By the use of brazed joints tubular frame-
work is rendered immensely strong; for, as is asserted by numer-
ous bicycle authorities, breakage practically never occurs at the
joints. But to properly repair damage requires the insertion
and brazing of fresh tube lengths, which, itself, involves special
facilities. Another objection, obviously to be derived from ex-
isting tubular structures, is that the advantages gained, in point
of combined strength and lightness, are very largely neutralized
by the necessity of extra bracing and greater complexity, quite
readily escaped with the use of angle-iron framework. Thus it is
that Mr. Woods, as above quoted, can assert that tubular frame-
work in a 4,900 pound electri- cab saves only about 200 pounds
weight, while, as we may readily discover, the desirable end of
simple structure is not particularly advanced. Furthermore, the
=sthetic considerations of the situation are rather against a prac-
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tice necessitating the use of clumsy-looking pipes, when lighter
structures can quite as readily subserve the same ends.

The Stanley Tubing Underframe.— The Stanley underframe,
used in the “Locomobile” and several other steam carriages is
one of the most representative constructions of its class. As
shown in the accompanying figure, the front and rear axle shafts
are inserted into straight cross tubes, which are brazed to arched
cross tubes, intended to lend additional strength and serve as
supports for the longitudinal reach tubes. These reach tubes,
two in number, are swivel-jointed to the arched cross tubes, as

F16. 61.—The Stanley Type of Underframe used on the * Locomobile ** and several other
B Carriages.

shown, and further secured in place by stay pieces swiveled at
the four corners of the frame and ring—jointed loosely on the
reach tubes. This construction permits some flexibility on rough
roads. The rear cross tube is divided at the centre to admit the
sprocket and brake drum, with the contained differential gear.
As additional security the two ends are rigidly joined to the
arched tube by perpendicular stay rods, and connected together
by a nearly circular guard plate surrounding the sprocket and
brake drum. The forward arched cross tube supports the for-
ward spring, which is fixed transversely under the body of the
carriage, and in front of the vertical axis post of the steering lever.
The rear springs are arranged longitudinally on either side of the
carriage, being bolted to the seats shown half way on the curve
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of the rear-arched cross tube. The boiler and engine, as may be
seen in a later figure of the “Locomobile” carriage—and this is
the most approved arrangement for motors of every variety—are
disposed within the body, beneath and to the rear of the seat,
forward of the rear axle. This arrangement overcomes many
difficulties involved in attaching them dircct to the underframe,
and is perfectly practicable; since the springs, in compression,
move in a line tangential to the circumference of the sprocket
wheel, thus merely shifting the radial line between the sprocket
wheel and pinion, and enabling the chain to transmit the power
without interruption. This could not be the case were the motor

F1a. 62.—The Flexible Underframe of the Reading Steam Carriage.

suspended immediately above the sprocket, nor would the effect
of steady driving be any better achieved by suspending it on the
underframe below the springs, as is still done by some manufac-
turers.

The Reading Tubular Frame.—Another tubular frame, also
intended for steam carriage use, is shown in the accompanying
figure. In it, as in the Stanley frame, there are transverse axle
tubes at front and rear, the latter being similarly divided at the
centre for the sprocket and brake drum. The longitudinal reach
rods, however, instead of running parallel and at right angles to
the axles, are disposed so as to form a nearly complete triangle,
with the forward axle tube as the base and the sprocket near the
apex. The joints on the forward axle arc swivcled, and on the
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rear axle are ring pivots, so as to permit the distortion shown in
the figure on rough or uneven roads. The stay rods at either side
of the reach tubes, joining them to the rear axle tube, are also
pivoted, as shown, thus assisting the flexibility, while increasing
the strength. The forward arched cross tube of the Stanley frame
is replaced here by a semi-elliptical spring, while the same feature

F1a. 63.—The Tubular Flexible Underframe of the McKay Carriage, showing the double
swivel jointed front axle.

on the rear axle is here made continuous with the axle bearings,
to which are brazed the centre-divided axle tubes, the three being
connected and brazed to stay rods. The rear spring, also semi-
elliptical, is jointed to the arched cross tube near the rear axle
bearings. The rear axle shaft, however, is rigid with the car-
riage body containing the motor, so that no distortion of the kind
pictured can interfere with the steady drive.

Other Flexibility Devices.— Several other carriages attain the
end of a flexible and distortible underframe by a three-point sup-
port and a swivel joint at the centre of the forward axle shaft.
This gives the same general effect on uneven roadways, as is
shown in the figure of the Reading carriage, allowing the four
wheels to run on different planes, but, as is held by some authori-
ties, it is not as efficient in absorbing undue vibration, as some
system of jointure involving a four-point support. It has, how-
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F'16. 64.—Plan of the De Dion & Bouton Underframe and Running Gear, showing the
motor and mechanism in position. A, Motor; B, Vaporizer; C, Change of spce§; D,
Differential; F, Curved Axle; G, Auxiliary Brake: I, Variable S8peed Controller
and Brake; J, Steering Handle; K, Mufiicr; L, Radiator,
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ever, been adopted with apparently good results in carriages of
all descriptions. The “Steamobile” steam carriage has the reach
rods coming together in an angle to the front of the frame, and
swiveled at the centre of the forward axle shaft in a yoke, which
carries the axle and allows it even greater play in passing over
obstructions than is possible even with other methods of swivel-
ing. In this carriage the forward spring is of the usual elliptical
construction, placed transversely, or parallel, to the axle shaft,

F1a. 65.—Angle Iron Underframe witb swivel joint at centre of {frent axle.

and attached at the top of the swivel yoke. This arrangement is
fairly typical of the usual three-point support construction, and
has been frequently criticised, because one spring must absorb
all the jar incident to the raising or lowering of the wheels.
One make of electric carriage, manufactured in Buffalo, N. Y.,
uses the centre-swiveled forward axle shaft, to which are at-
tached elliptical springs at either side, running with the length of
the frame. The result is that, by the use of extra flexible springs,
vibration is so reduced as to permit the use of very small rubber
tires, while in no way diminishing the effect of a flexible frame.
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The Riker Underframe.— One of the best known devices for
sepuring a flexible underframe is embodied in the Riker electric
carriages. The construction is of seamless steel tubing through-
out, and includes two axle shafts and a cross bar, all parallel in
the width of the frame, and two longitudinal reach tubes, each
bent inward and carried forward toward the front of the carriage,

L
y

:F.5D.

Fie. 63.—~The Riker Undertmme, showing the swivel connectlom at front and rear to per-
mit distortion on uneven ro

thus forming a rectangle of diminished width at the front end.
Both the reach tubes are ring-jointed over the forward axle tube;
one being securely brazed in place, the other, with its attached
stay tube being free to turn, so as to admit of raising or lowering
the axle shaft, without straining the frame. Both the reach tubes
have their rear ends inserted in bosses below, and cast in one
piece, with the bearings for the rotating rear axles being held in
place by collars in front and screw nuts at the rear. These bosses
are thus true bearings, permitting a certain rotary movement of
the reach tubes in the effort to accommodate the axles to any
unevenness in the roadbed. The contour of the frame is main-
tained by binding collars at the jointure of the movable reach
tube on the forward axle, and by the transverse cross tube at-



70 SELF-PROPELLED VEHICLES.

tached midway in the length of both. As shown in the diagram
of this underframe, the motor is suspended between the rear dxle
tube, which forms a sleeve over the rotating centre-divided axle,
and the midway cross tube, already mentioned as forward of the
axle shaft. The effect of a steady drive is obtained by attaching
the motor and géaring at the same side of the frame with the
rigidly attached and braze-jointed reach tube, so that the flexi-
bility which permits a certain degree of distortion in passing over
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Fia. 67.—Plan of the Duryea Three-wheeled Phaeton, showing the body frame used as
attachment for all working parts, dispensing with the underframe entirely.
uneven roadbeds, through the loose attachments of the opposite
reach, in no way interferes with the interaction of the driving
gears. Herein, we see a fundamental constructional principle for
a flexible motor carriage frame; that the flexible and distortable
portion should involve only that the forward and rear axle shafts
may be so twisted as to move on different planes, thus insuring
the stability of the carriage body, while, at the same time, main-
taining the motor and drive axle in a fixed and invariable rela-

tion.

Dispensing with the Underframe.—The tradition has be-
come so fixed among builders and users that an elaborate and
strongly-constructed underframe is indispensable to an efficient
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and easy-running automobile carriage that any proposition to
dispense with it altogether will likely be scouted as impracticable.
As a matter of fact, however, one of the most efficient makes
of American gasoline carriage—the Duryea Power Co.’s phaeton
—avoids the added weight and strength of the frame by the sim-
ple device of hanging the axles directly on the springs support-

Fi16. 68.—Duryea Four-wheeled Trap. This carriage, like all others made bgithe Duryeas,
has no underframe; the strongly built body serving as a frame to which the axles
and springs are hung.

ing the body, which is unusually strongly and heavily built. This

practice, following closely on the general plan of light horse

phaetons, enables the use of a heavier motor and body, with all the
involved advantages, while at the same time allowing the full use
for driving of much of the power ordinarily absorbed in propel-
ling a heavily-built running gear. The needed effect of flexibility
is secured by extra long and resilient springs, a semi-elliptical
pair running longitudinally over the rear axle shaft. and a semi-
elliptical single spring running transversely over the forward
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shaft. The accompanying diagram plan of the Duryea three-
wheeled carriage and the view of a four-wheeler display the con-
structional points to advantage. As we shall see later these are
the same in both, excepting on the forward wheels.

Three-Wheeled Carriages.— While most of the best known
makes of motor carriage run on four wheels, like or-
dinary horse-drawn vehicles, there are several arguments

F1a. 09.—Angle Iron Underframe of the Knox Three-wheeled Gasoline Phaeton, showing
motor and gearing in posilion, also steering connectious,

in favor of using three-wheelers. One of the most prom-
inent constructional considerations is that the principle of
“three-point support” largely, if not altogether, does away with
the necessity of a flexible underframe to adjust the wheel levels
on uneven roads, with the result that, as is claimed by one manu-
facturer, there can be no “unequal strains in the frame, tending to
break or twist it, or disalign the machinery.” All the advan-
tages of a rigid frame, which, as we have already seen, must be
in some way combined with a flexible frame, in order to obtain
an invariable relation between the motor and the drive axle, are
thus possible without sacrifice of other qualities equally essen-
tial. It is claimed, however, that three-wheelers are more liable
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to upset than are carriages with four whecls, which would very
likely be the case were an attempt made to elevate one rear wheel
at too great an angle. But, as may be readily understood, a four-
wheeler would be no more stable under such unusual conditions,
which would tend either to upset the carriage or twist the under-
frame entirely out of shape. There is some show of reason, then,
in the assertion that a three-wheeler will travel on any road

Fi16. 70.—The Knox Three wheeled Gasoline Phaeton, showing angle iron underframe,
three-point support and steering connections.

passable to a four-wheeled carriage. For, provided the carriage
be properly designed, and the proportions of breadth, length and
height, the weight of the machinery and body, and the distribu-
tion of the load be accurately calculated, the danger of an upset
in passing over any inequality that a sensible driver is capable of
attempting would be exceedingly remote.

Advantages of Three-Wheelers.—In a Ictter to the “Horseless
Age,” Mr. Charles E. Duryea, of the Duryea Power Co., says:
“The writer is free to predict that the future popular two-passen-
ger carriage will be a three-wheeler, because of the many ad-
vantages which only need to be known to be appreciated. We
are running three and four-wheelers of the same design, side by
side over all kinds of roads in this locality, and know by actual
comparison that the three-wheeler is preferable in most cases. We
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submit that actual tests are stronger proofs than theories.” In
the same letter he says further: “The three-wheeled carriage, if
properly designed, rides as easy as a four-wheeler, or so nearly so
that the difference cannot be told by a blindfolded observer riding
in the two alternately ; while the three-wheeler steers more easily,
requires less power to propel, starts and stops more quickly, is
simpler, lighter, very much better in mud and appreciably better
everywhere else.” In another letter on the same subject he says:

F1a. 71.—Duryca Three-whecled Delivery Vg‘ugon. This wagon is built on the plan shown
in Fig. 67.

“While we supply four-wheelers to those buyers who do not wish
the three-wheeler, we are confident that the three-wheeler is the
best machine of the two, and have demonstrated the same many
times by actual comparison. There is one less tire to watch,
fewer parts to look after, less weight to carry, one less track, and
consequently less road friction, which means less fuel, less heat,
less noise.” It has also been claimed that three-wheeled car-
riages have the additional advantage of vibrating less on rough
roads, some claiming a decrease in this respect on a ratio of 3
to 4. But this is not so certain, according to other findings. The
manufacturers of the Knox gasoline three-wheeler, which is en-
joying an increasing popularity in some quarters, evidently con-
sider their own machine, at least, highly efficient in this respect.
They say: “We use the principle of three-point support
* * * wherever possible, the frame being supported on three
wheels, the engine being attached to the frame at three points,
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and the body being mounted on the frame by three springs.
Rough or uneven roads have little power to harm such con-
struction.”

Steering Gear of the Knox Carriage.— With the use of four
wheels, as we have already seen, ready and positive steering may
be attained by observing a few simple and obvious constructional
principles, prominent among which is the 1equirement of keeping
the balance of leverage as near the axis of the wheel as possible.
This end is made even more practicable with a three-wheeled
vehicle by hanging the forward single wheel on a fork, after the
manner of an ordinary foot-propelled bicycle. Such a course is
actually followed in the Knox carriage, for which the manufac-
turers claim “casy and reliable steering” with the following ad-
vantages: “The stecring action is the same as in a bicycle that
can be ridden ‘hands off’; closest possible connection from hand
of operator to steering wheel; entire absence of levers and con-
nections to cause lost motion or trouble to operator; the vehicle
will turn in a nine-foot circle under its own power; very short
turns may be made at high speed without danger of capsizing.”
Even with all the excellent features above enumerated, it is
doubtful if the method of controlling the steering wheel by a
lever attached direct to the pivot of a swinging wheel is alto-
gether the best construction for a motor vehicle. For, as is evi-
dent on reflection, a hand lever of sufficient length to give the
steerer a positive turn, without-using too much strength, will
describe an arc of such dimensions as to annoy the riders and
often necessitate long reaches. It is possible that some form of
worm gear and pinion device would achieve all the excellent re-
sults claimed without the difficulties involved in a long lever.

Duryea’s Steering Head.— The stecring wheel of the Duryea
three-wheeler is not hung in a fork, but turns on an axle shaft
attached to the two curled bars extending to the front of the car-
riage body. In all respects, therefore, the three-wheeler of the
Duryea Co. differs from the four-wheeler only in the fact that
a single wheel is thus attached, instead of the semi-elliptical
spring, carrying a through axle for two knuckle-jninted wheels.
The steering head is an ingenious and highly efficient device,
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which has been in use on these carriages for nearly four years.
As shown in the diagram, the forward wheel has twelve spokes
mounted on mortises on a malleable ring, in which are screwed
hardened steel ball cones, provided with a locking device for fas-
tening after adjustment. This malleable ring when mounted re-
volves on a ball race, containing thirty three-eighth-inch balls,
which is screwed to the cylindrical steering head. At the top

Fia. 72 —Steering Head of the Dur{ea. Three-wheeled Carriages. X is the support of the
luirhkc:l which turns on the ball race shown. Y is the attachment of the steering
nks.

and bottom of the steering head are mounted hardened cups for
the steering pivot cones, the one fixed permanently, the other
adjustably in the cross bar or support, which carries the front
end of the vehicle. As shown in the diagram, the upper cone
may be screwed in or out to adjust the bearing at this point. It
is held in place by a clamp, while the lower cone generally turns
on balls, as shown. By this arrangement the steering pivot is
brought directly into the plane «f the wheel, as in a cycle, so that
there is no jar on the steering lever, or need of unusual effort on
the part of the driver. Moreover the arrangement is highly effi-
cient in ensuring a constant direction, patticularly when travel-
ing on level roads, a point highly desirable in a pleasure car-
riage.
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The Present Situation on Frames.—Some of the foremost
manufacturers of motor carriages at the present time hold to the
conviction that an elaborate underframe is rather a useless com-
plication than an advantage in any sense. This means that, as
is being increasingly understood, the same framework may serve
for the body, the motor and the running gear, giving a combina-
tion that is lighter and stronger than where two or three separate

F1G. 74.—One Model of the Stearns Steam Carriage, showing the perch rods of hickory
wood, which give a much more flexible frame than steel tubes, without the numerous
difficulties involved in the use of swivel joints.

frames are used, besides saving space, material, labor, care and
repairing, and increasing the neatness, while descreasing the
weight and the cost. The body must be mounted on springs, and
it is the best construction, particularly where high speeds are
contemplated, to mount the motor in the body. In his statement
that the experience of carriage builders is preferable in the matter
of underframes, tothat of bicvcle builders—for it was entirely from
bicvcle precedents that tubular framework was ever adopted—
Mr. Woods seems to be in accord with several other authorities.
Even with the most carefully planned tubular frame the stiffness
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of the construction is poorly compensated even with the use of
swivel joints, and some of the best known makes of motor car-
riage with tubular frames are constantly giving trouble from this
cause, involving constant damage and consequent repairs. On
the other hand, it must not be forgotten that, unlike both carriage
and cycle, the automobile is a locomotive, and that, as such, its
peculiar conditions demand constructions to which no former
experience is precisely analogous. In no matter more than un-
derframes is it so essential to bear this distinction in mind, and in
no point is it so apparent that the ultimate or permanent type of
motor carriage will depart quite entirely from the precedents of
horse-drawn vehicles. In a letter to the author, Mr. C. E. Dur-
yea says: “The use of steel wheels and tubular construction is
an outgrowth of cycle experience, but engineers make a mistake
who attempt to apply their experience indiscriminately to car-
riages, for the carriage problem is not a single-plane problem.
Both the cycle and its wheels receive strains, and in a single
plane, while cycle riders save themselves and the machine by
standing on the pedals on rough spots. The automobile rider
never does this, while the constant torsions and wrenchings of a
four-cornered frame are simply indescribable. On this account
a three-wheeled construction is much longer lived and will un-
doubtedly prevail in the end.”

F1a. 74a.—An American Gasoline Vehicle, cquiqp(‘d with side spring frame, after the
fashion of several models of horse carriage. Thisstyle of underframe is very suitable
for light motor carriages, overcoming many of the disadvantages of the usual spring
constructions,



CHAPTER SIX.

SPRINGS AND COMPENSATING DEVICES; RADIUS RODS AND
JOINTED SHAFTS.

Springs for Motor Carriages.—IL.ike all varieties of vehicle
at the present day, automobiles have the body suspended from
the axles or underframe on suitable springs. With them, also,
the usual function is subserved, absorbing and counteracting jars
and cumulated vibrations incident on roughness in the roadway
or a high degree of speed. In the present state of the motor car-
riage industry, there are few data regarding the proportions and
construction of springs, best suited for different purposes; the
matter being largely one of empirical considerations and practical
experiment. We may readily understand, however, that motor
carriages, being intended primarily for high degrees of speed, in-
volve conditions and considerations found in neither horse-drawn
vehicles nor railroad cars. The latter, although traveling at
speeds often 100 per cent. greater than the average automobile,
run upon an even and comparatively unresistant roadway—the
track of steel rails—while the former, although built for the ordi-
nary highways, as are automobiles, are seldom calculated for any
but verv moderate rates of speed. Railroad cars must, thus, pro-
vide against a maximal speed, with a minimal road roughness
and resistance ; horse carriages, on the othet hand, must provide
" against amaximal roughness and resistance with a minimal speed ;
motor carriages must be able to attain high speeds and, at the
same time, resist the annoying and destructive effects of road-
ways, inevitably irregular as to resistance and other conditions
of surface. As a general proposition, therefore, we may assert
that such springs as will promote comfort will prevent undue
wear and tear on the motor and parts, which, in fact, makes the
end of easy riding for the passengers the prime consideration.

The Theoretical Working Unity.—In no part of construction
is it more essential to consider the road and the vehicle as a
working unit than in the matter of calculating for springs, and in

80
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no point is there a greater element of uncertainty and a greater
variableness in running conditions to render all calculations un-
reliable and inexact. The general situation is well expressed in a
recent article on motor vans in the London Engineer, which speaks
as follows:

‘“The prime fact with which engineers.have to deal is that the
success or failure of any design mainly depends on the nature of
the road on which the van is to be worked. The V-slides of a
planing machine are integral parts of the whole. The permanent
way of a railroad and the rolling stock constitute together one
complete machine. In just the same way the King’s highway
must be regarded as an integral part of all and every combination
of mechanical appliances by which transport is effected on the
road. In one word, if we attempt to dissever the road from the
van, we shall fail to accomplish anything. Two or three years
ago, the maker of a steam van told us that he was surprised to
find how little power was required to work his van. He had been
running it on wood-paved streets. A week or two later on he was
very much more surprised to find that on fairly good macadam
after rain he could do next to nothing with the same van. In
preparing the designs for any van, the quality of the roads must
not for a moment be forgotten; and it will not do to estimate the
character of the road by anything but its worst bits. A length
of a few yards of soft, sandy bottom on an otherwise good road
will certainly bring a van which may have been doing well to
grief. Curiously enough we have found this apparently obvious
circumstance constantly overlooked. This is not all, however. A
road may be level, hard, and of little resistance to traction, and
yet be very destructive to mechanism. This type of road is rough
and “knobby”; it will shake a vehicle to pieces, and the mischief
done by such roads augments in a most painfully rapid ratio with
the pace of the vehicle. Jarring and tremor are as effectual as
direct violence in injuring mechanism. Scores of examples of
this might be cited. One will suffice. In a motor van a long
horizontal rod was used to couple the steering gear to the iead-
ing wheels. The rod was broken solely by vibration. It was re-
placed by a much heavier and stronger bar. That was broken in
much the same way, and finally guides had to be fitted to steady
the rod and prevent it shaking.”
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Points on Spring Suspension.—As regards the suspension of
springs of horse-drawn vehicles and automobiles, the careful ob-
server will note one point of divergence at once. When elliptic,
or semi-elliptic, springs of the ordinary description are used,
he will see that in most light horse carriages only two are sus-
pended, one over each of the axle shafts, across the width of the
carriage. In automobiles of every build and motive power, while
a single spring may be thus attached to the forward axle, the
rear axle supports two, one at each side of the frame, and run-
ning in the length of the carriage. This is a construction found
only in the heavier patterns of horse drawn carriages, and in both
cases it is resorted to for the purpose of neutralizing the forward
lunge of the body, inevitable on rough roads with a single trans-

Fia. 76.—8croll Bottom Carriage Sprlng‘;gmllf“elllptlc, showing connections by links and
ackles.

verse elliptical spring. With the horse carriage of the heavier
pattern such vibration is annoying and also hurtful to the body,
frame and springs. With the automobile, however, the case is
even graver ; for not only will similar results follow at high speed,
but the proper distance between the motor, usually carried in the
body above the springs, and the rear axle will be continually dis-
turbed, with consequent damage to sprocket, chain and gears and
loss of a steady drive. Thus, in carriages which have no other
provision against this tendency of the rear axle to throw back-
ward or forward under the stress of travel, it is necessary to use
a device known as a distance rod to maintain a fixed distance be-
tween motor and drive axle, when the threw of the springs would
otherwise permit it to be disturbed. The better method of over-
coming this danger is to set the springs in the length of the
carriage, as just described; for thus most of the violent jars in
this direction are absorbed, and the fixed relation of motor and
axle maintained, without rigid attachments, which would form
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another notable occasion of accidents. This allows the springs
to lengthen under pressure from above or from the direction of
travel, and further reinforces against sidewise lunges, which,
however, are of far less frequent occurrence. With the use of
transversely arranged elliptical springs on both axles similarly
troublesome conditions in the steering mechanism would result;
the turning of the steering lever frequently compressing the
spring sufficiently to make steering uncertain, and the numerous
jars of the vehicle on a rough road or at high speed often tending
to check its operation altogether. ‘
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Fie. 70. and Radius Rod of the Mors Carriages. The rod, A, maintains a fixed

distance between the sprocket pinion, B, and the wheel axle, C,even when the springs
are constantly in action. This carriage also has a device for varying the distance
between the countershaft at B, and the engine l}aulley, by sliding the entire shaft for-
ward or back under impulse from the screw, D. The spring belnﬁ hung on links at
front and rear, has considerable play, up and down, without distur ing the fixed rela-
tion of the axle, C, and the counter-shaft, B, as dctermined by the radius rod, A.

Dimensions of Springs.—Of the four varieties of springs used
in vehicles of various kinds—extensible spiral, compressible spiral,
coiled, and laminated leaf springs—the last-named has been found
by all odds the most suitable for automobiles in point of easy
riding, if in no others. Such springs, which are composed of a
number of leaves or laminz of steel, can be made in proportions
suitable for light or heavy loads, by varying the size and number
of the layers, without involving the jolts and vibrations inevitable
in any but the heaviest structures of the other descriptions.
However, apart from certain well ascertained figures on the static
weight of the load and the size and tensile strength of the springs
designed to carry it, there are no reliable data regarding the
proper proportions of springs for automobile carriages. As we
have said, this is, and must continue, a matter to be governed
most largely by experiment, apart from mathematical calcula-
tions. since the constantly varying conditions of automobile trave]
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preclude exact theory. Among these variants may be mentioned
high speeds on any and every kind of road and the use of pneu-
matic tires. The matter is still further qualified by the size of
the tires and the degree of inflation, for both of these points are
important in modifying the stress to come upon the springs. In-
deed, there is no more important factor in the high speed motor
vehicles than the rubber tires, although the properties developed
in its practical operation by no means permit its use on vehicles
without suspension springs of some description.

The Effects of Pneumatic Tires.—1he use of pneumatic tires
on a vehicle permits the absorption of considerable vibration and
the consequent use of softer springs than are possible with steel
tires. One reason for this is that pneumatic tires, after violent
or unusual compression, do not rebound, as even the best
springs will do; whence only a minute portion of the total shock
is transmitted from them to the springs. On the other hand,
however, they have a certain bouncing motion of their own,
which is imparted to the running gear, and will occasion an an-
noying back-jolt, unless suitable springs are interposed. This
is entirely neutralized by the use of properly adjusted springs,
although in the matter of adjustment we must consider the size
and degree of inflation of the tires, the weight and dimensions
of the springs, and the average speed used. In some respects a
heavier spring gives easier riding than a light one, since the lat-
ter is apt to bounce disproportionately, even with good pneumatic
tires, when the road is somewhat rough. In this matter some
authorities make a direct comparison with the action of pneu-
matic tires on bicycles, whose ease of riding at high speeds has
frequently been found to be a consideration not only of the road
surface, but also of the degree of inflation of the tires. The se-
verity and quality of the jars received under stated conditions is,
therefore, typical in these particulars of the stress brought upon
the springs set over the pneumatics in an automobile.

As the reader or any careful observer may readily conclude
from the facts, pneumatic tires, if properly inflated, while a great
factor in easy traction, are by no means the sole requirement.
While they absorb much vibration unavoidable in steel-tired
vehicles, without springs, they do not wholly set aside the rule
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that it is exceedingly bad construction not to suspend motors and
other heavy freight. As has been frequently learned at consid-
erable cost, rubber tires will not prevent broken axles when the
motor is hung below the springs. For this reason many manu-
facturers use, 'not only additional springs for the seats, but also
doubly suspend the moving parts, such as boilers and engines in
steam carriages, or storage batteries in electric vehicles. Fre-
quently, however, this additional precaution acts to neutralize
the effect of the springs by aggravating jolts instead of allowing
them to be properly absorbed as would otherwise happen.
The whole situation, as regards the relation of springs and
pneumatic tires, may be understood by reference to common
experience with bicycles. As is generally known, unless certain

7

i 1

“F6B -

Fi0. 77.—Forward Axle of the Jeanteaud Electric Carriage, showing double half elliptic
.springs with connections by links to frame and y.

ascertained rules are observed regarding both the inflation of
the tires and the method of riding, the rider is liable to experi-
ence a series of annoying jolts and vibrations on the best-made
roads. Thus, while the rear, or drive-wheel tire, is usually in-
flated until very hard, the forward tire is allowed to remain con-
siderably softer. By this means are avoided the vibrations which
inevitably follow when both are pumped hard. The rider soon
learns, also, in passing a street crossing or a hollow in the road-
bed, to raise himself on the pedals, in order to escape a shock of
considerable severity. To partly obviate this necessity and “make
all roads smooth,” several makes of bicycle have what the manu-
facturers call a “cushion frame,” consisting of a flexible spiral
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spring inserted in the tubular support of the saddle post. The
result is that the rider is greatly relieved of shocks and vibra-
tions, the spring acting to absorb most of the bounding action
of the tires. Nor has a similar result been otherwise successfully
achieved, although it has been claimed by some bicyclists that
the annoying jolts, due to a hard forward tire, are greatly re-
duced when a moderate load or a child is carried on the handle
bars. Imperfect inflation of the rear tire is apt to strain and
loosen the spokes, while only slightly modifying the annoying ef-
fects of travel on uneven roadways. The bearing on the situation
of automobile construction is obvious. For, since the passen-
gers cannot mitigate such shocks by any changes in position or
distribution of the load, properly proportioned springs are the
only resort.

Condition of Spring Dimensions.—In judging of the dimen-
sions and elasticity of springs suitable for carriage use the limit
of elasticity must be carefully considered with relation to the
static and maximum loads to be carried by the vehicle. The
static load is the dead weight of the vehicle body and frame,
together with that of the passengers and other freight, estimated
when at rest. The maximum load is the proportionately increased
weight of the same items, with relation to the traction effort re-
quired when the vehicle is running at its highest speed, under
test conditions as to road roughness or hill-climbing require-
ments. Similarly, the ultimate load is the greatest weight pos-
sibly carried with good spring action. That the springs should
be calculated to retain the elasticity, or have the ultimate strength
far beyond the maximum load, is obvious, when we consider the
office of a spring in any aspect. In calculating the proportions
of springs in the best constructed railroads, it is usually cus-
tomary to consider the maximum load as twice the static load.
Whence it is the general practice to estimate the fitness of a given
spring for its work as equivalent to the quotient of the weight of
the spring divided by the product of its length, between the ex-
tremities of the longest leaf, and the number, width and thick-
ness of the other several leaves. The variable nature of carriage
roads makes the proportion of static and maximum load much
higher for horse-drawn vehicles than for railway cars, except
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where only the most moderate speeds are to be used, but for
automobiles, always calculated for high speeds, it never falls be-
low a ratio of 1 to 3, and is often estimated as high as 1 to 5.
As has been pointed out by several authorities on the subject.
the difficulty of obtaining springs for automobiles, which shall
be serviceable under all conditions, is greatly aggravated when
the weight of the body, motors, etc., is very much in excess of
that of the passengers provided for. This is true, since a spring
that will subserve the end of easy riding under usual conditions,
with extra heavy accessories of this description, would permit

Fioe.78.—The 8 ket. and Sring of a Panhard Carriage, showing the adjustable radius
rod for ma the distance between sprocket and pinion at a determined dis-
tance when t.he sp

no end of jolting and annoying vibration at high speeds on im-
perfect roads. The fault is difficult to discover except under
test conditions. For this reason builders have frequently at-
tempted to counteract the uncertainties of spring action by using
extra springs on the seats, somewhat after the fashion of those
used in some rough farm and draft carts, where no springs at all
are used between the body and the axletrees.

As a general rule, also, such seat springs modify the practical
rules usually followed, permitting the use nf even lighter springs
to support the body. To sum up the general requirements in a
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few words, we may say that, while the pneumatic tires will often
absorb vibrations, thus permitting soft and light springs under
the body, the occasional inequalities in the road are apt to occa-
sion a quick succession of annoying jolts, reaching by accumu-
lated forces almost to the limit of spring elasticity, or succeed-
ing one another so rapidly, at high speed, that the springs have
little time to recover their normal shape. This seems to indicate
that a heavier spring is preferable, or else that spring construc-
tion must be in some way varied to give firmer attachments and
more evenly distributed elasticity; the time required by the
spring to recover itself being the same under all conditions, some
springs are thus unfit for high speed work. Many manufactur-
ers prefer semi-elliptical springs to the full elliptical on the
ground that their elasticity is greater for a given weight of spring,
and the consensus of opinion on the latter is that the longer the
spring, within reasonable limits, the greater the combined elas-
ticity and lightness. When such springs are used as side sup-
ports it is general practice to attach one end direct to the longi-
tudinal frame and connect the other by a link, thus allowing am-
ple freedom toward lengthening. When plzced transversely over
the forward axle both ends are secured to links, the centre being
securely clamped.

Attachments for Springs.—The ends of ready lengthening
and extra elastic support are also accomplished by the use of
what are known as scroll elliptics and semi-elliptics, wherein one
leaf of the spring is extended somewhat at one end and turned
over, like a rolled scroll, to be connected to its mate or to the
carriage attachment by suitable links or other joint. Links are
preferable in many places on account of the ready action allowed
in several directions, without involving tendency to yield unduly
under ordinary conditions. The high speed requirements of
motor carriages makes it nearly imperative that leaf springs,
cither half or full elliptic, should be securely clamped to the sup-
ports by clips and nuts, rather than by bolts through bolt holes
in the centre. This is true because such bolt holes are liable
to prove a source of weakness under high speed conditions and
to cause the breaking of springs at the very time when their fuli
strength is most requisite. With clips this danger is wholly avert-
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ed, and, instead of a weak point at the centre, an additional rigid-
ity and re-enforcement is obtained. :

One of the most efficient arrangements of springs for high
speed carriages is that found in the Jeanteaud electric car and
one or two motor carriages of American make. Two semi-ellip-
tical leaf springs are clamped together at their centres, leaving
the two extremities of the upper one in position for attachment
to the carriage body, and the two extremities of the lower one in
position for attachment to the axle. Links are then bolted at all

F16. 79.—The De Dion & Bouton Spring Compensating Steering Device. The V-shaped
piece A, constructed of two pieces, as shown, is attached to the tubular front cross-
piece of the body frame at D, and pivoted on the ball joint at F, to the lower V-
sh: piece, B. " This is also pivoted at F, and is attached to the axletree at E. The
T-plece, C, is also pivoted at E rigidly with B, so as to turn sideways with it. It car-
ries the links C’ and C, which actuate the steering arms of the two stud axles. The
link, H, is attached to the arm, G, and when moved forward or back by the worm
gear and pinion arrangement at the base of the sbeerini-wheel é)lllar, moves the en-
tire structure, A. Band C, on the pivots, D and E, to the right or left, as desired,
The object of the device is to allow of a certain up and down movement, as the
springs yield, without disarranging the steering gear or vibrating the steer wheel. In
such cases the V-pieces, A and g. move on the ball joint F, thus permitting the
points, D and E, to be approached and separated, as the springs move.

four points in order to suspend the springs so as to permit the
greatest freedom of motion laterally and allow for considerable
compression.

Construction of Springs —The leaf springs used in road car-
riages and railroad cars consist of several layers of steel plates or
leaves more often slightly bent, so that, when laid together, they
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are found forming superposed arcs of so many concentric circles.
It is essential to a serviceable spring of this description that the
line of the arc be carefully followed from end to end of each
plate, and that no attempt be made to straighten or bend back
the extremities of the longest leaves. This is true because the
spring effect is derived from the temper of the metal in permitting
the load to flatten all the arcs at once under a single stress, which
involves that they should slide upon one another in altering their
shape, as could not be the case were there any such departure
from the line of the arc, as has been mentioned. In that case
the several plates would tend to separate and “gape” under a
load requiring a degree of compression tending to bring the ex-
tremity of any arc to the straight portion of the top leaves. The

Fia. 80.—Jointed Rear Axle of the De Dion & Bouton Carriages. By the use of universal

{:lnm between the driving spur and wheel spindles a steady drive may be maintained

tween the spur, hung on the body, above the springs, and the wheels, below the
springs, even on the roughest roads, when the springs are constantly in action.

result would be a loss in spring action, and a probable source of
breakage on occasion. In constructing laminated leaf springs it
is essential that the plates should decrease on a regular scale of
lengths, in order that the structure may be of equal strength
throughout and of sufficient flexibility for the loads calculated
to its dimensions. Where such a spring is thick, consisting of a
number of plates, it is a good working rule that the ends of each
several plates should touch the sides of a triangle, whose base is
drawn between the extremities of the longest plate and whose
apex is at or about the theoretical centre point of the spring’s
movement. This means that, with a well-proportioned spring in
its normal shape, the end of each separate plate should be equi-
distant from that of the one immediately above it and of the
one immediately below it. By this construction even distribution
of stress is attained without waste or resistance from inactive
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portions of the length of each plate, as would be the case in a
laminated spring flattened at the top plate and having the longi-
tudinal profile shaped to an arc. Such a spring, however, would
cmbody bad construction in another particular, since it would
neglect one very essential feature of spring construction—curva-
ture of the plates. This curvature is intended to represent the
difference between the spring under static and maximum load;
at the latter point its leaves should be nearly straightened under
stress ; beyond that point, as they are bent backward and down-
ward, the point of ultimate strength, involving loss of elasticity
and breakage, is rapidly approached. It follows, therefore, that
the end of a perfectly elastic and serviceable spring is best at-
tained by such curvature as will allow bending of the plates from
each extremity of the top plates, on the support at the centre,

F1e 81.—A D¢ Dion & Bouton Gasollne Carriage.

without involving endwise compression, as is the case when the
curve approaches a semi-circular contour. Consequently, lami-
nated leaf springs, as a usual thing, are constructed to an arc of
never more than ninety degrees and often very much less.

Rules for Calculating Springs.—Although as a general
proposition, the usefulness of a spring for given work and load
is strictly a consideration of the total length of the structure be-
tween points of attachment, the thickness and number of the
leaves, and the quality of the steel used—the last-named consid-
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cration is of the utmost importance—there are certain formula
followed in railroad work, and to a certain extent, in carriage
designing, that are useful to the practical automobile builder.
As given in several works on locomotive and car construction,
they may be summarized as follows:

Let B represent the breadth. of the plates in inches.
Let T represent the thickness of each in sixteenths of an inch,
Let N represent the number of plates in the spring.

Fie. 82.—A Stearns Steam Runabout, showing side steering lever, solid underframe and
the method of arranging the springs.
Let S represent the working span, or the distance between
the centres of the spring hangers, when the spring is loaded.
Let W represent the working strength of a given spring.
Let E represent the elasticity of the spring in inches per ton.
The elasticity or deflection of a given spring is found by the
following formula:

RE]

1.66
NBT3s

= E in 16th inch per ton load.
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The span length due to a given elasticity and number and size
of plates is as follows:

3
‘/ EBN'T3 = S in inches.
1.66

The number of plates due to a given elasticity, span and size
of plates:
S3 X 1.66 __
"EBT>
The working strength, or greatest weight a spring can bear,
is determined as follows:

BT:N
1.3 S

= W in tons (2,240 lbs.) burden.

The span due to a given strength and number and size of
plates:
BT:N _ .. .
TRL AN S in inches.
The number of plates due to a given strength, span and size

of plates:

1.3WS
BT N

F10. 88 —Universal Jointed Counter-shaft of the Thornycroft Steam Wagon. This com-
per.sating device differs from the De Dion, which is on the axle e object is the
same, to permit of an uninterrupted drive under rise and fall of springs.



CHAPTER SEVEN.

MOTOR CARRIAGE WHEELS.

Requirements in Tlotor Carriage Wheels.— As summed up
by a noted authority on the subject, vehicle wheels must have
three qualities of construction: (1) They must be sufficiently.
strong for the load they are to carry, and for the kind of roads on
which they are to run. (2) They must be elastic, or so constructed
that the several parts—hub, spokes and felloes, or rim—are sus-
ceptible of a certain flexibility in their fixed relations; thus neu-
tralizing much vibration, and allowing the vehicle greater free-
dom of movement, particularly on short curves and when en-
countering obstacles. (3) They must, furthermore, be sufficient-
ly light to avoid absorbing unnecessary .power in moving. In
addition to these qualifications, wheels suitable for automobiles
must be able to resist the torsion of the motor, which always
tends to produce a tangential strain. This is the reason why
tangent suspended wire wheels are invariably used in automo-
biles, instead of the other variety, having radially-arranged
spokes. They must also have sufficient adhesion to drive ahead
without unduly absorbing power in overcoming the tendency to
slip on an imperfectly resistant road-bed. The importance of the
two last considerations may be readily understood in view of the
fact that the wheels of motor carriages receive the driving power
direct, instead of being merely rotating supports, like the wheels
of vehicles propelled by an outside tractive force.

Iethods of Constructing Wheels. — In order to meet the
conditions above mentioned various devices have been resorted
to. Where wooden wheels are used in any kind of vehicle, the
effect of elasticity is very greatly increased by “dishing” ; that is,
by inclining the spokes from the exterior plane of the rim to the
centre point of the axle spindle, so as to make the wheel a kind of
flattened cone. This construction has the effect of transforming
the spokes into so many springs, possessing elastic properties,
and renders the wheel capable of being deformed under sideways

o
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stress. The shocks of collision with obstacles are thus distributed
through the flexibly connected parts, as could not be the case
if the wheel were made in one piece or on one plane, and the con-
sequent wear and strain is greatly reduced. The dish of the
wheels is usually balanced by slightly inclining the axle spindle
from its centre line, thus bringing the lowest spoke to a nearly

Fia. 84.—~Wooden Wheel, such as is used on heavy gasoline carriages of Panhard, Mers
and others. It turns loose on the axle and is driven by a sprocket on a counter-shaft.

vertical position with relation to the ground. A great resisting
power to shocks produced by obstacles such as is afforded by
dished wheels is of far less importance in vehicles designed for
good roads, as are most automobiles, which need only such in-
clination of the spokes as will provide for the even distribution of
shocks, and the maintenance of uniformity in pressure,

Advantages Attained by Dishing —The significance of the
word “dish” is obvious, when we consider that it indicates a dia-
metrical section of about the shape of a saucer or shallow dish.
While, as we have seen, this shape furnishes a very desirable
spring effect against sidewise strains and shocks, such as are
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met in swinging around a corner or sliding against a curb—since,
although a wheel is always weakest sidewise, it is difficult to
thrust a cone inside out—there are several constructional con-
siderations that render it a desirable feature for wagons of all de-
scriptions. The first of these has reference to maintaining a
balanced hang to the wheel. Under the conditions of travel
a wheel acquires the tendency to crowd on or off the spindle,
with the result that it eventually wears loose, as may be fre-
quently found particularly on heavy carts. Since the spindle is
tapered it is necessary that its outer centre should be lower
than the inner, and, then, in order to counteract the outward in-
clination of the wheel, and consequent tendency to roll out-
wardly, the spindle end must be also carried forward sufficiently
to make the wheel “gather,” which is to say, follow the track.
A moderate dish contributes to the end of bringing the tire
square to the ground, while at the same time enabling the wheel
to rotate without undue wear at the axle. Another constructional
advantage involved in the dishing of wooden wheels relates to
the method of shrinking on the iron tire. As is known, the tire is
first forged to as nearly the required diameter as possible, after
which it is heated, so as to cause it to enlarge its diameter and
in this state placed about the rim of the wheel. When once more
cooled it fits tightly. As frequently happens, however, a tire is
made somewhat too small for a wheel, which involves that, in
the act of shrinking, it will either force the wheel into a polygonal
shape or crush one or more of the spokes. By giving the wheel
a dish, the shrinkage of the tires merely increases the inclination
of the cone from base to apex, the spring of the spokes being
quite immaterial, all suffering to about the same extent.

Wooden Wheels and Wire Wheels.— There are two varieties
of construction used in automobiles: the one following the
theory of the horse-drawn vehicle, with wrought frame and
wooden wheels; the other following the construction of foot-pro-
pelled bicycles and tricycles, with tubular frame and wire wheels.
However, wire wheels are used on any kind of vehicle, and, fol-
lowing on the practices of the early makers of motor carriages,
have gained wide recognition as the typical construction for this
purpose. The principal argument for their use is the combina-
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tion of lightness and strength such as no wooden wheel can attain.
But they lack elasticity and without pneumatic tires are useless
for automobiles. Indeed, it seems to be the conclusion of some
authorities that the consideration of combined lightness and
strength, urged alike for wire wheels and tubular frames, and
perfectly proper in the case of bicycles, is of the nature of a super-
stition, which is hostile to the most advantageous progress in
automobile construction.

F1a. 85.—A Thomas Motor Bicycle, showing light tangent-spoke wire wheels and one
style of mounting the motor.

Relative llerits of Wheels.—In order to briefly state the is-
sues involved in the case of wooden wheels against wire wheels,
we may say that the main requirements in any wheel are, not only
its ability to sustain a considerable weight in its plane, but alsa
its power to resist sidewise strains. Now, while it is widely con-
ceded that a wire wheel will sustain a greater load than a wood
wheel, the two being considered weight for weight, it certainly
will not sustain as great a strain sideways, which represents the
line of the wheel’s greatest weakness. A wire wheel driven against
a curb with sufficient force will have its rim dented, with the re-
sult of loosening all its spokes and ruining it. A wooden wheel,
on the other hand, may have a gap in it and still be serviceable.
It may even run with one or several spokes broken off. A wire
wheel being suspended on its spokes—the load being hung be-
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tween the hub and the perimeter—is bound to suffer in propor-
tion to the number of points of suspension lost.-A wooden wheel,
being supported at both hub and perimeter by its spokes, has
a certain power of compensating or distributing the strain, so
that, while a deficiency of support is no advantage, it does not al-
ways involve destruction.

Disadvantages of Light Construction.—On the point of using
tubular frames, C. E. Woods asserts that for an electric cab
weighing 4,900 pounds only 200 pounds is saved, while the total
strength is no greater than with wrought bar frames of suitable
dimensions. Moreover, he alleges, that tubing is a positive detri-
ment from the fact that ordinary blacksmiths and wagonwrights
cannot repair it, and, consequently, that in case of accident one
must always resort to the manufacturer. A similar line of reason-
ing is applicable to wire wheels, which involve the danger of
crystallizing the wires by unequal strain or adjustment; of crush-
ing the rim, by running on a deflated tire; or, of “buckling” the
spokes by collision with a curb-stone or another vehicle, always
with the result that others than road-side smiths must be called
on for repairs. The sum of Mr. Woods’ argument is that only
such constructions should be used as may be everywhere readily
handled by skilled mechanics.

The Use of Wood Wheels.—Mr. Charles E. Duryea, in a
letter to the “Horseless Age,” argues ably for the use of wooden
wheels, with the following statements of advantage: (1) The
construction, proportions and strength suitable for given require-
ments have been carefully determined by years of practical ex-
perience. (2) Being practically one piece, they do not deteriorate
by usage in bad weather and are readily cleaned. (3) If broken,
they may be anywhere repaired, all the parts being easily obtain-
able. (4) They will often give good service even in a badly
damaged condition. (5) Experience has shown that they are far
more elastic than wire wheels. (6) In wire wheels any attempt to
make the hub of proper length to give spread to the spokes under
strain results in a clumsy appearance. (%) If the spokes are pro-
portionately strengthened the wire wheel becomes heavier than
the wood wheel. (8) The greater number of spokes in a wire




MOTOR CARRIAGE WHEELS. 99

wheel, and their proximity at the hub, where dirt and moisture
are collected, prevents easy cleaning and promotes rust. On
the point of elasticity Mr. Duryea says: “As a matter of fact,
the wood wheel is far more elastic than the steel wheel, as may be
readily seen by watching a light buggy drive over car tracks or
rough pavements. The rims of the wheels vibrate sideways,
sometimes as much as two inches, without damage to the wheel
or axle, on which account fewer broken axles will be had when

Fia. 86.—Haynes-Apperson Gasoline Surre u.ul‘;x one of the best-known makes of American
motor carriage g wooden wheels.

wood wheels are used instead of wire ones. While it is true that
the pneumatic tire practically removes the necessity of an elastic
wheel, there is no need of refusing to accept a valuable feature.”
On the wagons manufactured by Mr. Duryea’s company wooden
wheels with pneumatic tires are used with excellent results. His
opinions on the subject seem to be shared by a goodly number
of motor carriage manufacturers, notably Haynes-Apperson, the
New York Electric Cab Co., and the Autocar Co., all of whom
are now using wood wheels most largely, if not exclusively.

Dimensions of Automobile Wheels.— The consideration of
wheel dimensions is important in automobiles, and in no other
particular is it more.essential that the rclations of size and use be
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accurately calculated. In horse-drawn vehicles the forward
wheels are made of smaller diameter, in order to allow them to
cut under the body in turning. This consideration precludes the
possibility of making the diameter sufficiently large to ensure all-
around easy running, except by the use of high frames or long
axle shafts. In automobiles, on the other hand, the forward
wheels may be of any convenient diameter; since by the use of
knuckle-jointed steering axles a wide angle of turning may be
obtained without using a pivoted axle shaft. As a general propo-
sition we may assert that the larger the wheel the smaller the
shocks experienced in passing over inequalities in the road bed,
and the smaller the buffing qualities required in the tires. Thus
it is that a wheel five feet in diameter will sink only one-half inch
in a rut one foot wide, while a thirty-inch wheel will sink nearly
three times as deep, with the result that the resiliency of its tires
must be enormously larger, in order to compensate the greater
shock experienced. The larger wheel also rises less quickly over
obstructions. These are considerations of great importance in
motor vehicles, in which any device for the reduction of vibration
and concussion is desirable. Furthermore, when a wheel is
properly tired, the road resistance to its steady and even rotation
is decreased as the square of the increase in its diameter, such a
wheel of sixty inches diameter decreasing the resistance in a
ratio of between 50 per cent. and 70 per cent, as compared with a
wheel of thirty inches diameter. There are, however, other
methods for neutralizing the shocks on rough roads. For, as
experience has demonstrated, the end of obtaining a low and
easy-running rig may be achieved quite as well by increasing the
width of the vehicle, the length of the springs and the size of the
tires, as by adding to the height above the ground. By follow-
ing this theory of construction, the Duryea Power Co. is able to
use wheels of thirty-inch and thirty-six-inch diameter for the
front and rear wheels, respectively, and secure a remarkably easy-
running carriage. They are adopting, however, a construction
which is, in correct proportions, very nearly equivalent to large
diameter—the use of broad tires. For, as has been repeatedly
demonstrated, the broad tire is superior to the narrow one in the
very same particular, that it will not sink so quickly into mud and
sand, and, by its greater buffing properties, neutralizes the con-
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cussion otherwise experienced with small wheels. Their thirty-
eight-inch springs are another potent factor in achieving the de-
sired end.

Practical Points on Wheel Diameter.— While it is no part of
the province of this book to reproduce the lengthy and elaborate
calculations by which the fitness of wheels of given diameters,
breadth of tire and material of construction is to be determined,

Fro. 87.—Diagram showing the relative drop into a road rut between a small carriage
wheel and one twice its diameter,

we may briefly indicate a few of the leading considerations which
have moved manufacturers in general to regulate themselves on
these points. It is a distinct advantage to enlarge the diameter
of motor carriage wheels for the purposes of obtaining an offset
to the concussions experienced on rough roads, to obtain higher
speed, within certain limits, and to secure greater durability for
the tires. The last consideration is of great importance, particu-
larly when hard rubber tires are used. The principles involved
are well set forth in a recent article in the “Horseless Age,” which
contains the following statements: ‘“T'o prevent traveling on the
rim a tire should bind the whole surface of the rim. The higher
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the wheel the more adhesive surface there is for the tire. When
the tire is bound in by lugs the natural kneading and straining
of it between the lugs will in time either shear off the lugs or
loosen them. Another reason why a large wheel is to be pre-
ferred from a tire-maker’s point of view is that a large wheel does
not turn round so many times in a given distance, and conse-
quently does not wear the tire so fast. If a tire travels very fast
under a heavy load the kneading of it causes heating and crack-

Fia. 88.—Part Sectional View of a Tubular Steel Wheel, used on many automobiles of all
powers. Although, to the date of the present writing, the princi insue amon
authorities is upon the respective merits of wood and wire wheels, this type of wheel
is steadily growing in favor. Among the advantages claimed are: superior stren{th
to either wire or wood; true, balanced running, as a pullef' on a shaft: practical im-
munity from dishing or crushing with the hardest use, or in ordinary accidents; im-
munity to rust, on account of the inner and outer brass coating on hubs and spokes
and the brazing at all joints; ability to stand the twist and tension of severe strains
in the transmission of power; rims formed from a continuous tube; rpokes made from
high carbon cycle tubing, oval in shape and reinforced at both huband rim; perfect
alignment secured by assembling all parts in jigs. Asshown in the cut, the parts are:
A, tubular steel rim; B, tubular steel spokes; C, tubular steel reinforcement at hub;
D, tubular steel reinforcement at rim; E, outer tubular steel hub shell; F, middle tub-
ular steel hub shell; G, inner hub shell over axle spindle. The method of securing the
hub to the axle is also shown. Although, as must be fairly obvious, such a construc-
tion admits of very little sidewise spring action under stress of travel or collision.
which is a particularly desirable feature in wooden wheels, especially with steel
tires, Lthe slant of the spokes effectually prevents such extreme deformation as would
tend to disable a wood or wire wheel. e oval shape of thie spoke tubes, and their
arrangement as regards both hub and rim, enable the carrying of ater loads, in
proportion to weight, than are possible with other varieties of wheel. It is also
possible to keep such wheels perfectly clean, without risk of injury by rust, as must
result from attempts to wash wire wheels, as already stated. hermore, tubular
stoel wheels do not shrink when dry, as do wooden wheels, and, consequeuntly, require
no process of soaking to restore them to normal condition.

ing, which are intensified on the small wheel. Our experience
has proved that a large wheel greatly reduces the above difficul-
ties.”

Troubles with Large Wheels.—As against the above ad-
vantages involved in the use of large wheels, there are a number
of objections of equal, if not greater, importance. Among these
may be mentioned the fact that, the larger the wheel, the greater
must be its proportional strength and weight of construction, in
order to neutralize the ill effects of torsional motor effort, and
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Fias. 80 and 90.—Two views of the Thornycroft Spring Drive Wheel. A is the felloe of
the wheel cu.n?'ing the iron tire. B is the revolving axle, which is independent of the
wheel except for the springs secured to it by the bolts, C. D is the angle piece at
the felloe carrying the lug to engage the springs, as shown.
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disproportionate road resistance. Indeed, a moment’s reflection
will show that a wheel of sixty-inch diameter, built on the same
dimensions of hub, spokes and felloes, as a wheel of thirty-inch
diameter will possess considerably more than twice the liability to
strain and breakage from the causes above named. If we may
assert that such increased liability, as compared with the increase
of diameter is on a ratio of three to two, it is obvious that a wheel
of sixty-inch diameter must be very nearly three times as heavily
and strongly built as a wheel of thirty-inch diameter, in order to
insure its durability. We may readily judge, then, at about what
point of increased diameter a light pleasure carriage would be
equipped with cart wheels. This is only one of the numerous
difficulties involved in attempting to use large wheels with a
modern high-speed motor.

Thornycroft’s Spring Drive Wheel.—A driving wheel much
like those of the Hancock and Gurney carriages is used on the
steam road wagons manufactured in England and America, under
the patents of John I. Thornycroft. This device, which is shown in
detail in the accompanying figures, consists of two oppositely
attached leaf springs bolted rigidly to the end of the rotating rear
axle, and following its motions. Immediately in front of these
springs is the conical axle spindle, and when the wheel is set the
leaf springs engage lugs on the angle pieces bolted to the felloes.
The result is that the motive power is transmitted solely through
the springs bearing on the lugs, which affords an exceedingly
elastic connection on the very circumference of the wheel. Thus
reducing the motor strain to the lowest point, it relieves the
spokes of all strain beyond the dead load carried on the wagon.
In the construction of wheels for this purpose, Thornycroft fol-
lows Hancock’s wedge model, but utilizes the involved strength
and solidity far more effectively. Similarly constructed wheels
have long been used on the Huber traction engines with good
results, the claim being that the yield of the spring permits the
engine to keep moving until the wheel is forced over an obstacle
in the roadway.



CHAPTER EIGHT.

SOLID RUBBER TIRES.

The Question of Tires.—All automobiles and cycles, and a
large number of horse-drawn vehicles, use rubber tires. The
object is twofold: first, to secure a desirable spring effect;
second, to obtain the requisite adhesion to the road. While, with
properly constructed springs, the first result may be achieved
with steel tires, the second is almost impracticable when the
power is applied direct to the wheel. Thus, if a light automobile
be equipped with steel tires, the wheels will not drive on an im-
perfectly resistant roadbed, unless most of the load be placed over
the rear axle, which, when it is too great in proportion, involves
the disadvantage, that the steering will be unreliable, the forward
wheels tending to skid, instead of turning the vehicle in a positive
manner. It is not always practicable to remedy this difficulty,
either by strewing sand in front of the wheels or by applying
power to all of them. An attempt to produce adhesion by con-
structing tires with teeth or corrugations, or by giving them
extra breadth, would increase the weight for only temporary ad-
vantage. The simplest and readiest resort is found in the use of
rubber tires.

The Reduction of Vibration.—On the point of reduced vibra-
tion in a vehicle, as it is related to the kind of tires used, W.
Worby Beaumont says: “It must also be remembered that the
greater comfort of the rider is due to lessened severity of vibra-
tion and shock, and this is a relief in which everything above the
tires participates. Now, this means a reduction in the wear and
tear of every part of the car and motor which can easily be under-
estimated. The experience of the London cab-owners, whose
records of every cost are carefully kept, is a proof of this; and
they find that rubber-tired wheels suffer very much less than the
iron-tired, every part that could be loosened or broken by con-
stant severe dither or hard vibration remains tight very much

longer, the breakage of lamp brackets, hangers and other parts
105
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does not occur, and that even the varnish, which being hard and
breakable, lasts a great deal longer. The same immunity of the
high-speed car is obtained by pneumatics, as compared with
solids, and its value is greater in proportion to the greater value
of the vehicle.” It may be readily understood that, if such a
consideration is of importance in horse-drawn vehicles, it is even
more so in the case of automobiles, whose parts are subjected to
strain both in traveling on rough roads and also from the vibra-
tion of their own motors. This is particularly true of carriages
driven by gasoline engines, in some makes of which the vibration
is often excessive, generally increasing in direct ratio to the speed
at which the carriage is propelled. Hence, without some kind of
buffing properties at the tires, disaster must soon follow.

Rubber Tires for Automobiles.—There are two varieties of
rubber tire in use for every kind of vehicle except cycles; the
solid tire and the pneumatic, or inflatable tire. As is generally
known, the pneumatic tire was first devised in order to furnish
the needed resiliency in bicycles, and for the same purpose it has
been found useful in automobiles, particularly in connection with
wire wheels. It has, however, one notable disadvantage—the
constant liability to puncture—with the consequent danger of
being made useless. In order to remedy this defect inventors
and manufacturers have introduced such features as thickening
the tread of the tire, increasing its resistance to puncture by in-
serting layers of tough fabric ia the rubber walls, and even using
small metal scales.

Merits of Solid Tires. — From the standpoint of durability
solid tires are the best beyond question, not only for heavy ser-
vice, but also for high-speed light cars. The combined effects of
speed and weight work less rapidly upon them, enabling a greater
mileage endurance than with the best pneumatics. Indeed, it is
the verdict of very many authorities that the lowest mileage
records have been obtained with the use of high-priced pneu-
matics. Such tires, however, contributing a greater ease of travel
in most of the ordinary designs of racing vehicles, are used by
persons eminently well able to afford the involved additional ex-
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pense. Consequently, the relative merits of the extremes are
quite immaterial to the general public. Commenting on the
statements of a writer who contended that the question of tires
suitable for various kinds of vehicles is largely an open one,
Mr. C. E. Woods writes as follows: “The writer’s own experi-

Fig. 91.

Fig. 02 Fig. 98.

Fras. 91, 92 and 98.—Three varieties of 8olid Rubber Tire, showing shape and methods of
attaching on the rims. Fig. 91 shows a broad tire, which is attached bg;otorcing over
the edges of the channel-shaped rim, to which it is vulcanized, and also secured by
endless wires, welded, as shown. Fig. 92 shows a tire secured by bolts through the
base, also by annular lugs on the rim sides fitting into channels. Fig. 88 shows an
attachment made by connecting at the base by a peripheral T-piece, also by bolts
securing sides of channel-shaped rim. All three varieties show rim channels, so
shaped as to allow of considerable distortion, laterally, under load.

ence has been very different in its results. . . . After the
construction of a few vehicles, early in his development of them,
on which he went through the same experience indicated by Mr.
Condict’s article, he adopted the hard or solid rubber exclusively,
and designed diameters of wheels, width of felloes, etc., to accom-
modate such sizes of tires as by experience proved best suited to
the many and different styles of vehicles to be built. For he had
discovered that the resiliency of pneumatic tires was entirely lost
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vihen the carriage was properly designed and the weights proper-
ly distributed on its points of support, and the latter placed on
properly designed springs. The easy-riding carriage for any pur-
pose depends entirely upon its springs for this qualification, and
there is no reason why the automobile, with its heavier weight,
should be any exception to the general rule. If, however, car-
riage design embodies the placing of a set of batteries (in
electric vehicles) over one set of springs, making a very unequal
distribution of the load—which in itself is always a faulty design
—it cannot be expected to be easy, and a very large and not too

Fia. 94.—Indurated Fabric Solid Tire. This tire is constructed, so as to prevent rents and
cuts across the tread, by iuserting strips of tough fabric around the perimeter, so
that the edges are brought into contact with the und. Where clear rubber would
yield, the fabric holds secure. The tire is attached by bolts through the base, as
shown.

much inflated pneumatic tire may help the difficulty a little. But
even then when tires are inflated to the pressure necessary to give
an economical power effect, there is scarcely any more resiliency
left in them than that given by a hard rubber tire, and their un-
sightly and objectionable appearance, as applied to a general car-
riage production, is too well known to need comment here.”

Comparative Values of Tires.—On the points here made, Mr.
Woods seems to have the support of several experts in the matter
of tires, although there is a widespread agreement that pneu-
matics are the only suitable ones for high-speed, high-power
vehicles. Mr. Beaumont writes as follows: “For high-speed run-



SOLID RUBBER TIRES. 109

ning with comfort over street crossings and level railway cross-
ings, the expensive pneumatic is necessary, but it is a high price
to pay for this luxury, and it will only be paid by the few who
will pay anything for speed. After a while, when automobile
travel settles down to the moderate speeds of the majority, and
to the requirements of business, the better forms of solid or near-
ly solid tire, in which a comparatively small amount of internal
movement of the rubber takes place, will probably be most used.
A hard pneumatic tire is superior to this for ease at the bad places
in roads and over crossings, but greater strength of material suit-
able for the purpose than is yet available is required to meet all
the conditions.”

Fi10. 96.—Solid Rubber * S8ectional Tire," having the tread divided into a number of tooth-
like sections, all attached in one qiecc to the rubber base, as shown, in order to give

ter distortion endwise under load, thus allowing of considerable cushion effect.
t has been claimed that the construction permits of real resiliency.

Durability of Solid Tires.—From the standpoint of lessening
the vibration of running, and thus preventing considerable
damage to the vehicle, Mr. Beaumont concedes that pneumatic
tires are preferable, although, from considerations of durability,
he prefers the solids. As to the life-period of solid tires, under
constant use, he says: “With regard to solid tires, the experience
of the London hansom cabs is of much interest. A pair of 1§ or
1} inch tires will last from a little over six months to, at most,
nine months. The most rapid wear is on those cabs which have
the best and fastest horses, if we except those cabs that have con-
stantly to run in districts where the road surfaces are destroyed
by the prevalence of tramways, those expensive metallic admis-
sions of the badness of the ordinary roads, and of the incompe-
tence and penny-wise policy of most of the road authorities. If
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thirty miles per day for the hansom driven by men who are, as
most are, allowed two horses per day, and assuming 300 days
per year, then a year’s mileage would be 9,000. They run, how-
ever, not more than eight months at best before tire renewal, so
that the mileage is not probably more than about 5,500 to 6,000.

. . The mileage of the tires on the four-wheel cabs is much
* greater, as would be expected, from the smaller weight each
wheel carries and the lower speed. The miles traveled per month
will also be less.”

F10. 96.—Wheel of the * Lifu » Steam Truck, showing a solid rubber cushion tire secured
in position and protected by metal shoes around the rim. Although the attachment
is so rigid as to prevent creeping, a very effective spring effect is obtained by com-
bination of the cushion tire and shoes. It is effective for heavy service, which would
soon destroy an ordinary solid tire.

Structural Requirements in Solid Tires.—The shape and
methods of attaching solid tires to the wheel rims must both be
determined with reference to the source and pull of the strains
likely to affect them. The weight of the vehicle is nearly the
greatest source of wear, but even this consideration is closely
rivaled by the torsional strain from the engine and in braking,
particularly in view of the almost universal use of comparatively
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small wheels. Indeed, no part of the wheel could suffer greater
strain than the tire from the condition last mentioned. In view of
the properties of rubber it may be readily seen that increasing the
thickness of the solid tire, in proportion to the increased weight
of the vehicle, will largely neutralize the destructive effects due to
every cause involved in the structure of the running gear and
its load. By this means is obtained a greater width of tread, with
a probably smaller total abrasion of the surface from contact with
the road bed, and a greater opportunity for distributing and neu-
tralizing the harmful strains.

The tendency in solid tires is that cuts, due to stones or other
sharp obstacles, tend to spread to the centre of the tire across the
tread. This is due to the quality of the strains transmitted from
the wheels, as above noted, and, in order to prevent this tendency
from destroying,the tife it is necessary to vary the shape. Ac-
cordingly, tires are made with bevel edges, rather than on square
lines, and the profile is slightly rounded. This conformation,
together with good width at the rim, is able to provide for absorb-
ing much of the surplus vibration, while decreasing the ill effects
due to the combined action of a heavy load and road resistance.
On the whole it greatly prolongs the life of the tire. The curved
surface at the tread and the bevel edges, tending to flatten under
the load, provide a sufficient width to ensure good adhesion and
the other advantages belonging to a wide tire, while, at the same
time, reducing to the minimum the tendency to spread tears and
cuts, as above mentioned.

Methods of Attaching Solid Tires.— There are several
methods of attaching solid tires to the rims, as is shown by the
accompanying figures. In these typical structures the rim carries
flanges at either side to retain the tire, or else these flange pieces
are bolted to the felloes. The tire is also retained in place, either
by a suitable shaped T-piece running around the circumference
of the rim, by wires drawn up to the proper tension and electri-
cally welded at the ends, or is simply vulcanized to the rim. The
last-named method of attachment is recommended by several
writers on the subject.



CHAPTER NINE.

THE USE AND EFFECT OF PNEUMATIC TIRES.

Advantages of Pneumatic Tires.—As against the opinion of
Mr. Woods, that the solid tire is preferable for all types and
weights of motor vehicles, most authorities still maintain that the
numerous advantages gained in the use of pneumatics cannot be
dispensed with in automobiles, nor obtained by the use of any
other devices. One very valuable quality of a pneumatic tire is
its resiliency, or the ability to bounce in the act of regaining its
normal shape after encountering an obstacle in the road. On
encountering such a small obstacle as a stone, a pneumatic tire
will yield to a certain extent, absorbing or “swalfowing it up,” at
the same time exerting a pressure sufficient to restore its normal
shape after passing the obstruction. This quality begets two
advantages for easy driving: It does away with much of the lift-
ing up of the wheel in passing over obstacles, which is otherwise
inevitable, and also enables the tire to obtain a better grip on the
road bed. Commensurate advantages are also derived from this
cushioning quality in colliding with obstacles to one side or other
of the tread; whence the total pressure exerted through the
spokes is greatly reduced and such obstructions exert only a
fraction of their usual power to retard the easy and steady opera-
tion of the motor and steering gear. In both cases, also, a large
part of the shocks and vibrations, usually transmitted direct to the
springs, are completely absorbed. No solid tires could furnish
anything like such advantages in operation : the usual result, even
with the most flexible springs, being that the motor is much
shaken or damaged, or its action largely impaired. This is par-
ticularly true of the use of solid tires on electric vehicles, the
damage resulting, both in point of efficiency and durability. hav-
ing been estimated by several authorities as high as 20 per cent.
As against this estimate we have the above quoted experience of
Mr. Woods, himself an expert and manufacturer of electric
vehicles. But that it is possible to supplement to a degree the

imperfect cushion qualities of solid rubber tires, by the use of
o1
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well-suspended springs, seems to be suggested by the report on
another American make of electromobile, as published in the
“Horseless Age.” The writer there states: “The springs used
on this machine were extremely flexible, so much so that the
solid tires were extremely small, and the writer understands that
the company intends to use steel tires next year.” No data, how-
ever, are accessible on the durability of the motors used, nor on
the behavior of this exceptional machine on rough roadways.

Speeding Qualities of Pneumatic Tires.—As has been
already suggested by several quotations, the peculiar properties
of pneumatic tires are nowhere of greater advantage than under
high speed conditions. Since speed is one of the principal con-
siderations with both builders and users of automobile carriages,
another source of the pneumatic’s popularity may be recognized.
On this point the observations of Mr. J. W. Perry, a tire dealer
of Paris, are significant. He says in a letter to the “Horseless
Age”: “Automobile builders, in the course of competition with
each other, have sought to make or build machines of great speed,
and each year has brought us a stronger motor, with increased
speed, until we see now motors of 35 horse-power that attain
speeds of 9o and 100 kilometers an hour (56 to 62 miles). Nosolid
tires could stand such speeds, and only pneumatics of the very
best make can stand such strains. I have made tests with 2}
and 3 inch solid rubber tires on automobiles ranging from 16
to 24 horse-power, and on carriages weighing 1 ton to 1} tons.
After many careful tests, I ascertained that both of these automo-
biles could run safely on a good road at a maximum speed of
42 kilometers, 25 1-10 miles, an hour. When the driver at-
tempted to go bevond this speed (always on a perfect road) the
motor was subjected to such fearful vibrations that it threatened
its complete demolition. Under the same conditions of horse-
power, weights and tires. but on what is considered a bad road.
it was impossible to attain more than 15 miles an Four. The
same autos, with pneumatic tires made 60 and 70 miles an hour on
an average road.” While it is perfectly true that the average
automobilist never contemplates such high speeds as Mr. Perrv
mentions, it is only fair to indicate that speed, combined with
general road qualities, merely furnishes the test conditions for
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the jar-absorbing, vibration-neutralizing, and adhesion-increasing
properties of pneumatic tires. Furthermore, as the result of
numerous experiments, it may be correct to assert that a tire,
best fitted to endure test conditions as to speed, is also within
certain limits the most suitable type and make to travel under
heavy loads, with a minimum of traction effort. For, as most
figures seem to indicate, the decrease of traction effort is in ratio
with the elasticity of the vehicle’s support.

Fia. 97.—A “ Peerless " Touneau Touring Car, equipped with wooden wheels and broad
pneumatic tires. This cut furnishes a good object lesson on the size of pneumatic
tires required for large weight, high speed motor carriages.

Economic Efficiency of Pneumatic Tires.— In a paper read
before the International Automobile Congress held in 1900,
Michelin, the well-known French tire-maker, gave a number of
statistics relative to the efficiency of pneumatics, as compared
with solid rubber and metal tires. His experiments are interest-
ing as showing how the efficiency of the pneumatic tire, in point
of traction economy, increases directly as the speed of the vehicle.
Using an electric wagon, weighing 1,980 pounds, on a level
Macadam road, and driving through a distance of 1,000 meters
in each case under a uniform pressure of 8o volts, he obtained
the following figures on traction effort: When running against
the wind, with iron tires, 53.9 amperes; with solid rubber tires,
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48.5 amperes; with pneumatics, 44.2 amperes, representing a
gain of 10 per cent. for the solid rubbers, and of 18 per cent. for
the pneumatics, as compared with the iron tires. When running
with the wind, other conditions being the same, the figures were:
" With iron tires, 50.1 amperes; with solid rubber tires, 45.2 am-
peres; with pneumatics, 41.1 amperes, representing a gain of 9.8
per cent. for solids and of 18 per cent. for pneumatics, as compared
with the iron tires. The average speed in both cases was 7.31
miles per hour. At a speed of 12.31 miles, he obtained a per-

F16. 98.—The Balley Single-Tube Pneumatic Tire. The tread is covered with conicnu)ro-
jections, which prevent slipping, and at the same time promote traction. According
to the claims of the manufacturers, puncture is also made a more remote possibility.

centage of gain 13 and 28, respectively, for solids and pneumatics;
the wind, however, being unfavorable during the test of the iron
tires. Nevertheless, on a slightly muddy road, he registered
respective gains of 108 and 20.5, running with the wind at a
speed of 12.5; and on a good road bed at a 4 per cent. grade, 1.7
and 7.8, for a 1,210 pound wagon at 6.87 miles. On a 5 per cent.
grade covered with “sticky mud,” the solid tires showed a loss of
4.7 per cent., and the pneumatics a gain of 19.1 per cent., as com-
pared with iron, at a speed of 11.5 miles; and on the same grade,
with half-dried mud, a loss of 7.5 and a gain of 22, respectively, at
a speed of 12.5 miles, the vehicle weighing 1,980 pounds in both
cases. On the point of such latter variations, Michelin remarks:
‘““T'he solid rubber tire is-better than the iron tire in certain cases,
especially at a trot, when the ground is wet, very irregular or
covered with snow; but it becomes inferior to iron when the
road is hard and smooth ; in any case, it never differs much from
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the iron tire, and is always much inferior to the pneumatic. The
pneumatic, on the other hand, is superior to the iron tire by one-
half.” As an average of advantage in traction, the same authority
quotes a gain of 18 per cent. in economy of energy, and 5 to 6
per cent. in speed, and by actual tests with weights, suspended
on a rope passed through a pulley and attached to a carriage
having first, solid, then pneumatic tires, he found a weight of
508.2 pounds required to start with solids, and 437.8 with pneu-
matics.

Durability of Pneumatic Tires.—In addition to the apparent
advantages, in point of absorbing jars, giving better adhesion to
the road surface, saving traction effort, and neutralizing the
noise and vibration of motors, pneumatic tires, when of sufficient
proportions and properly attached to the wheels, are, all advan-
tages considered, also the most durable. That is to say, when
calculating the superior speed, comfort and efficiency made pos-
sible by pneumatics, we find that their durability is also greater.
On this point Michelin says: “Metallic tires are quickly de-
stroyed by the continual-hammering to which they are subjected
on stone pavements, especially if the wheels carry a heavy load.
The metallic tires with which MM. De Dion and Bouten still
provide their heavy tractors are very quickly destroyed. In a
very short time the tires are flattened and take the form of a
trapeze, the large side of which is in contact with the ground.”
As illustrative of the enormous wear thus entailed, he quotes a
noted authority to the effect that the tires of the large transports,
formerly used between Paris and Marseilles, lost on an average
of 4 grams of metal per kilometer, for every 1,000 kilograms
(about one ton) of freight load, giving for the round trip “100
kilograms (220 pounds) of metal left in the ruts of the road.” M.
Michelin quite properly exclaims: “Colossal figure!” Yet, al-
lowing the utmost exaggeration in faulty calculations or in
peculiarly unfavorable road conditions, we can readily credit even
this statement on the positive necessity of an elastic support, to
“absorb” obstacles, within reasonable limits, rather than offer an
unyielding, or unresilient surface for their attrition. Further-
more, we may readily understand that the average of wear, other
things being always equal, must be less when the vibrations are



PNEUMA1IC TIRES. 117

absorbed by an air cushion than when left to affect the material
of a solid rubber tire. For ordinary traffic, with moderate
weights and speeds, the opinions of other authorities, as quoted
above, are competent in evidence for the solid, or semi-solid, tire,
but practically all concede the superiority of pneumatics for the
uses enumerated in the various tests we have mentioned. It is
necessary to note in this connection, however, that, despite the
enormots ratio of wear for steel tires on heavy motor vans, they
seem to be the only possible support for such use. Pneumatics
are out of the question, since they cannot be made of combined
size and strength sufficient for heavy vans, unless, as has been

Fre. 99.—The New York B. & P. Single-Tube Tire. The extra thick walls of this tire ren-
der puncture less easy, and also provide for a * cushion,” or semi-solid, support in
case of deflation. The method of attachment by lugs and nuts to a semi-circular
channel is one adopted by a large number of other tires, affording a secure hold at
the base to safeguard against creeping.

suggested, several of them be mounted, side by side, in .parallel
channels in the rim, and the solid rubber tires are only a shade
more durable.

Analogies for a Buffing Support.—In a certain and very real
sense, the yielding tires of a motor vehicle supplement the action
of the springs, although not permitting them to be omitted in
construction. In the section on springs we have seen that it is
essential to correct theory and practice to consider the vehicle
and the road it travels as a working unity—as separate, com-
ponent parts of one machine. In automobile building the prin-
cipal concern, in this particular, is the vehicle, which must be
constructed so as to endure the most unfavorable conditions of
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road bed. The effect on the road is quite secondary. In the
construction of railroad locomotives, on the other hand, both
components of the working unity, the vehicle and the tramway,
must be considered: both must be constructed to interact with a
minimal wear and damage. In this connection we may quote
Matthias N. Forney, a well-known locomotive expert. In speak-
ing of springs, which in locomotives perform some of the func-
tions delegated to flexible tires in automobiles, he says: “A light
blow with a hammer on a pane of glass is sufficient to shatter it.
If, however, on a pane of glass is laid some elastic substance, such

Lo

F1a. 100.—The Michelin Clincher Tire. In addition to the lugs and wing nuts which hold
the outer tube of this tire to the base, flanges in the length it into the grooved rim,
making the attachment immovable when the tire is inflated.

as india-rubber, and we strike on that, the force of the blow or the
weight of the hammer must be considerably increased before
producing the above named effect. If the locomotive boiler is
put in place of the hammer, the springs in place of the india-rub-
ber, and the rails in place of the glass, the comparison will agree
with the case above.” Similarly, we may mention the use by
printers of a wooden block shod with leather, or any suitable sub-
stance, which, placed on a form of type and struck sharply with
a hammer, is efficient in producing a perfectly level printing sur-
face. ‘The same block, without the yielding face, would un-
doubtedly batter the type and injure the printing surface.
Inversely, it is true that the striking agent may be worn and
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damaged—*“the anvil wears the hammers out, you know,” as the
poet puts it—hence the need of a buffing medium to protect it
aiso. While in automobiles the effect on the road bed is incon-
siderable, the light and delicately-geared machinery must be
protected from damage—the anvil must be shod. Whence it
follows that, in the absence of anything like the steel rail surface
of a railroad, utility of tires increases directly with their yielding
and shape restoring properties. The more readily these functions
are exercised, the smaller the wear on all the elements composing
the working unity of the machine. Furthermore, the necessity in
this particular becomes greater in proportion to the weight and
contemplated speed capacity of the vehicle, and, beyond the point
where pneumatic tires are practical, must be compensated by
more efficient springs and lower rates of travel.

Fia. 101.—The G. & J. Tire. Like the Michelin Tire, this is attached at the base by the
fit of the case tube and rim channel, being securely held when the tire is infla A
flap on the case tube saves the inner tube from pinching at the base.

Structural Points in Pneumatic Tires.— As we have already
learned, it is exceedingly desirable that a pneumatic tire should
be protected from puncture by thickening the tread, and by some
such additional re-enforcement as the insertion of layers of tough
fabric. These structural points are embodied in several promi-
nent makes of tire. But even with such devices as these, the tire
is not wholly protected from the wear and strain, inevitable in
driving under heavy load. Where pneumatics are preferable to
solid tires it is because of their superior resiliency, and because
of the greater elasticity of the enclosed air. It is evident, however,
that these advantages are obtained at the expense of other quali-
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ties, since the pneumatic tires, being much more yielding than a
solid, even with the greatest compression of the contained air, are
immensely more pliable than solids. They are thus liable to be
ruptured and rendered useless by an undue tangential pull, or
any such conditions as will increase road resistance or promote
tearing of the sides or tread. Such conditions must be considered
in bicycle construction, but are vastly more important in auto-
mobiles.

The situation as regards the use of pneumatic tires in automo-
biles could be no better summed than in the words of Mr. Beau-
mont. He says: ‘“Makers have a problem of considerable im-

F1a. 102.—The Dunlop Double-Tube Tire. The attachment is at the base of the inner
tube by the endless wires shown, which are pressed against the tubular sides of the
rim channel when the tire is inflated, thus affording a positively immovable hold.

portance before them if they are to respond to all the require-
ments of large pneumatic tires for considerable weights. It is
actually on the tread that the obstacle-absorbing or deforming
capability is required. Most of the free deformation (under load)
must, therefore, take place elsewhere, and this relegates the bend-
ing to the thinner sides near the rim and concentrates it there,
Only by adopting very high pressures and greater thickness of
textile material (at the sides) can this be avoided, and this means
hard tires. Except for those users to whom cost is of no im-
portance, this process may go on until the choice between pneu-
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matic and solid or ‘compound’ tires is a narrow one. It will,
however, always be in favor of the pneumatic (the one of light
construction, as at present largely used) where the extra cost per
mile run is not the first consideration.”

Construction of Pneumatic Tires —The art of designing and
making tires has advanced immensely since the first double tube
pneumatics were introduced for bicycle use, about twelve years
since. The conditions attending their use on all kinds of roads
have been carefully observed and the dangers of rupture and
puncture have been reduced by proper constructions in a num-

Fia. 108.—The “Grappler™ Tire. Instead of endless wires, this tire carries projecting
of metal strips at either side of the base, which press against the inner over-
lapping sides of the channel rim, affording a secure attachment.

ber of particulars. As we have already learned, such tires may be
injured in three ways: (1) They may be punctured through the
tread by collision with nails, glass, sharp stones, or other cutting
obstacles. (2) They may be ruptured at the sides, or on the tread
when the walls are made too thin, by violent contact of any sort,
by the torsional strain produced by the motor, or when the brake
is suddenly applied. (3) They may be cut or worn at points of
jointure to the rims, when sufficient precautions are not taken.
Other such sources of disablement, besides steady wear might be
enumerated, but these categories include most of the familiar
occasions of accident. Accordingly, we find that manufacturers
have busied themselves in devising and producing means for pro-
tecting pneumatic tires at the points most liable to damage. (1)
The tread is made of extra thickness of rubber, and further rein-
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forced by enclosed layers of textile material, which is particularly
efficient protection when inserted as strips cut bias. (2) The
side walls are similarly thickened and reinforced. (3) The points
of contact and jointure are protected with thread or woven fabric.

Causes of Puncture. —According to the experience of several
tire experts, the devices ordinarily employed to protect the tread
of tires are largely useless from the fact that they very often
involve other causes of breakage in themselves, thus enabling
the verdict that by far the smaller proportion of tire disablements

F1a. 104.—The Good&e&r Double-Tubce Tire. The attachment of this tire is by the strips
of wire, woven like a cotton shoestring, which spread apart under the pressure of in-
flation, thus securing a rigid hold,

is due to puncture. By reinforcing the tread beyond a certain
definite point we contrive to shorten the tire’s life on account of
the more difficult bending of the walls, occasioning sharp
corners and consequent rupture of the fabric. Like several other
causes of disablement, puncture may be said to result most often
from the use of insufficient diameter in the tires, rather than
from walls too thin or yielding. Indeed, it seems to be a well-
ascertained fact that, other things being equal, a tire of propor-
tions suited to the vehicle will resist puncture, while one of
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smaller diameter will be cut with very much greater ease. The
larger sizes of pneumatics, such as the four and five-inch, owe
their short-lived usefulness to other causes, yet, Mr. Beaumont,
to the contrary notwithstanding, pneumatic tires of four inches
diameter are more durable by half than the continuous solid
rubber suited to the same size and weight of vehicles, the former
representing an average total mileage of 3,000 to the latter’s
1,500, as result of a number of tests with heavy high-speed vehi-
cles. In this connection it is well to remark that Mr. Beau-
mont’s statements are accompanied by no figures or reports of
tests, which make it probable that they are based on simple

F1a. 105.—The Munger 8ingle-Tube Tire. This view shows the tire deflated, so that the
longitudinal rubber buffers come together, thus forming a semi-solid, or cushion tire,
and preventing the inconvenient q generally following this condition.

calculations gained from experience with vehicles of moderate
size in regard to which they may hold good within limitations.
The pneumatic tires suited to bear the weight of heavy vehicles
are deficient in durability on account of their large proportions
—none can be made larger than five-inch diameter—thus no
statistics are trustworthy which are based on the behavior of
such large pneumatics, as compared with solid tires fitted to
smaller vehicles. Solid tires made of size sufficient for the pur-
poses of large racers, unless in some way strengthened length-
wise the tread, as are the indurated fabric tires recently intro-
duced, would quickly tear across and become useless. Heavy
vehicles are, therefore, often equipped with sectional solid
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rubber tires, as they are called, consisting of a continuous rub-
ber band bearing a number of tooth-like sectional pieces, pro-
jecting from the circumference. Some manufacturers of such
tires claim a good degree of resiliency for them, alleging this
style to be “the only tire which has withstood the tremendous
wear and tear of heavy automobile use for a satisfactory length
of time.”

Constructional Requirements in Single Tube Tires.—In an

rticle contributed to the “Horseless Age,” Pardon W. Tilling-
hast, the inventor of the original single-tube pneumatic tire,
writes as follows regarding the structural requirements of single-
tube tires for automobiles : :

“To accomplish the best results and manufacture a tire that
will be practically indestructible, a fabric must be employed in

Fia. 108.—The Ball Tire. In this tire the ill effects of punéture are prevented by the solid
rubber balls inserted in the tube, which transform the tire into a cushion, positively
proof against flattening.

which there is no starting point of separation between the fabric
and rubber, and one that does not have a substantially smooth
surface, or a surface that is continuous in the same plane. The
attaching surface of the fabric presented for union with the rub-
ber must be greatly in excess of that furnished by the fabrics in
use at the present time. A plurality of plies may be used, some
of the plies having a more open weave or construction than other
plies, and all plies separated by rubber, which will give in effect
a single tube or mass of rubber, having fibrous threads extend-
ing throughout the mass to prevent bursting, and binding the
whole structure into a substantially indestructible body.
“Another means of accomplishing the same end consists es-
sentially of employing a fabric which, when built into a tire, will
have the same effect that a bath towel would if it was inclosed
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and imbedded in the rubber, with the threads sufficiently strong
to withstand the inclosed air pressure, the little loops or fibres
extending away from the general plane of the main fabric into
the surrounding rubber and being vulcanized therein, furnishing
an increased surface for union with the rubber; the general sur-
face line of the fabric in each construction is to be broken so
that it is not continuous in the same plane, and there is no start-
ing point of separation between the fabric and rubber.”

Two recent patents granted to Tillinghast cover devices for
achieving the ends here mentioned. One of these tires is built

//.\\\\’//// \\\\‘///; N ////

F1a. 107.—The construction of the new types of Tlllmfbut Single-Tube Tires, The first
shows the formation of the fabric into a succession of loops; the second, the open
thread fabric tire.

up with a number of strands of thread running longitudinally
on the tube and wound spirally with other threads which hold
them securely under inflation. The spiral windings are then
pushed along the length of the tube, so as to reduce the distance
between the windings from one-quarter inch to less than one-
eighth inch, with the result that the intermediate sections of the
longitudinal threads are pushed up into series of loops, thus
forming stronger attachments for the fabric, when held in the
material of the rubber wall built up over this layer of threads.
Tillinghast’s other patent covers a method of strengthening the
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fabric against any cause that would tend to bursting or tearing
the walls, and specifies a series of plies or layers of threads wound
on in two diagonal directions, each one being in a more open
construction than the last, the closest construction being on
the inmost ply of the tire.

Attaching Single-Tube Pneumatic Tires.—The typical
method of attaching a pneumatic tire to the wheel is that made
familiar in bicycles. Where a wood rim is used the process is,
briefly, to thoroughly clean the surfaces of both tire and rim, after
which two successive coats of shellac varnish are applied to both
and allowed to dry. This varnish is made by dissolving two
pounds of gum-shellac in one-half gallon of alcohol. Another
method of preparing rubber cements for similar purposes is to
dissolve shellac in ammonia. The practice with ordinary shellac
varnish is to apply and let dry two successive coats, after which a
third coat is given to both tire and rim and the tire is attached,
valve first, and secured in position by a good degree of inflation.
The varnish is thus able to increase the tire’s adhesion to the rim
so long as it remains inflated. Thus the inflation of the tire is an
essential element to the end of retaining its hold on the rim; for
the coating of shellac would speedily tend to lose its grip if the
inflation becomes sufficiently imperfect. As the result of in-
sufficient inflation, among other causes, there are two familiar
occasions of accident: The tire will “creep,” or move longitud-
inally upon the periphery of the rim; or it will “roll” off the edge
sideways.

The Creeping of Tires.—The creeping of a tire is due to the
fact that the weight of the vehicle, in process of travel, tends to
centralize the pressure on the rubber walls, and cause the tire to
bulge just forward of the point of contact with the ground. As
may be readily recognized, a continued succession of such bulg-
ings tends both to loosen the adhesion of the tire and the rim,
and also to cause the tire to push forward from the ground, and
thus around the rim, in the effort to relieve and distribute the
pressure. As a result, when inflation is insufficient, great strain
and pull will be exerted where the valve is joined to the tire, and
a rupture often follows at that point. Even were it possible to
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obviate the last-named accident, it is evident that the service of
a tire, thus loosened by the creeping process is impaired. More-
over, it would inevitably roll sideways from the rim before it had
been long in use. Also, if loose, it chafes at the rim and wears
quickly.

Attachments That Prevent Creeping.—It seems to be a
well-established conclusion that a single-tube pneumatic is more

Fi0. 100.—Showing the method of removing the case tube of a Dunlop tire. Two tools,
like that shown at top of the figure, are inserted between the rim channel wall and
the tire, as at A, after deflation. The edge of the tube, being pushed into the central
channel, is then raised, as at B. When one wire ring has been ralsed above the edge
of the cfmnnel, the case tube is worked off, as shown. (See Fig. 102.)

liable to creep than one of the double tube variety. However,
this may be in some measure owing to the fact that the structure
of double tube tires more readily permits the use of devices for
promoting rigidity at the base, and that the majority of them are
equipped with such devices. Perhaps the simplest attachment of
the kind is that shown in the figure of the New York Belting and
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Packing Co.’s heavy single tube tire. A series of chaplet heads
carrying lugs are inserted in the layers of fabric, and these lugs,
being passed through holes drilled in the rim, are secured in place
by screws and washers. Given strong layers of fabric, as is
always essential to the success of this construction, it is evident
that the tire will have a very rigid attachment to the rim at the
base, by which the evil effects of creeping will be reduced to the
lowest point, if the tendency is not practically sbviated. It has
been widely used with both varieties of pneumatic tires, its suc-
cess with double tubes having been particularly good in con-
nection with the Michelin clincher and others of similar pattern.

F10. 110.—Method of repairing a sinfle tube tire. In case of i)uucturc, mushroom patches,
as at A, are inserted in the hole, which is usually enlarged with a red hot wire.
Liq:id cement is then injected, as at B, from a specially prepared syringe, furnished
with all repairing outfits. The patch, also cemented, is then inserted, as at C. Its

ition in the tube is shown at D; where it is pulled into shape by the thread
ied to its stem and held by the pressure of inflation. When the tire is inflated hard
the patch stem is cut off, and the tube and rim are wrapped about with moist
cemented tape, as at D in Fig. 111,

Care and Repair of Pneumatic Tires.—As we have already
seen, there are two varieties of pneumatic tire, designated re-
spectively as the “single-tube” and the “double-tube.” The latter
was invented and introduced by an Englishman, Dunlop, now so
widely known for his work in this field, about 1888; the former,
by Pardon W. Tillinghast, of Providence, R. I., about two years
later. The immense impetus immediately given to the bicycle in-
dustry by the successful production of an inflatable support is
historic. Previous to this period some bicycles manufactured by




180 SELFPROPELLED VEHICLES.

the Overmans, of Springfield, Mass., had been equipped with a
“cushion tire,” which was an arch of heavy rubber attached
by its feet. It was an improvement in many respects on
the solid rubber tires, until then in universal use, but afforded, at
best, a very poor imitation of resilient wheel support. Such a tire,
of course, required no inflating, and was not injured by simple
punctures in its tread. Hence it involved no troublesome processes
of repair, whenever disabled. Pneumatics, on the other hand, are
entirely disabled by puncture, although, unless of an unusually
serious nature, such injuries may be repaired on the road. In

F1a. 111.—Showing method of repairing small punctures. Instead of mushroom patches,
ordinary rubber elastic bands are strung on the kind of tool shown at A, as at B,
Rubber cement is then injected into the tube of the tire through the puncture, and
also smeared on the rubber bands, held as at B, The tool carrying the bands is then
inserted in the puncture, as at C; the Ymtruding ends of the rubber buuds are
pared off, and the tire tube is wrapped with cemented tape, as shown at D.

point of ease of repair, the single tube pneumatic is preferable,
and this was one of the considerations which led to its almost
universal adoption for bicycles, instead of the double tubes first
used. The double tubes, however, possess so many advantages in
other directions, some of which we have already learned, that the
last-named consideration is quite counterbalanced in the calcula-
tions of automobile manufacturers. In both varieties of tire the
outer layers of rubber, which are alternated with layers of fabric,
are of a quality best calculated to resist wear, and, with the
enclosed fabric, present a tough, though elastic, surface to the
ground. The air tubes in both are of pure rubber, of practically
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no strength, but of the greatest efficiency in retaining air. Thus,
when the tire is inflated, the air is retained by the inside rubber
tube and prevented from leaking through the interstices in the
rubber and fabric layers surrounding it. The single-tube tire
differs from the double-tube in the fact that the inner, or air,
tube is vulcanized to the outer, or cover, tube; while, in the
double-tube variety they are separately attached to the wheel rim,
and should not be in contact except under inflation. As may be
understood on reflection, a puncture through the tread of a
single-tube tire may be readily repaired by the use of mushroom-

F1a. 112.—The *“ Kelly ” Tire Repairing Tool. This instrument consists of a hollow and
slotted awl, made to slide within a ci);éindrlcul sleeve ha.vim,;u bell-shaped end. In
t

case of puncture rubber cement may forced into the tire through the hollow awl,
Several rubber bands, generally six, are then attached to the instrument, as shown;
one end of each being inserted in the slotted point of the awl, the other ends being
hung on the pins projecting at the sides of the slceve. The needle is then forced in
fully, the sleeve being still held away from the surface of the tire. Then the bell-
shaped end of the slecve is sct against the tire, onablint: the needle to be withdrawn
leaving one end of each band projecting inward through the puncture, the other en
being loosened from the pins. The ends of the bands may then be pared off, leaving
the surface smooth.

Fia. 112a.—The * S8ennevoye "’ Re%xpiring Btra.g. In addition to the patches for covering
punctures on the inner tube, this strap is buckled around, as shown, to further close
and protect the injured point.

shaped rubber patches, which are carefully inserted in the hole
and secured in place with cement under the pressure of inflation.
With the double-tube tire, on the other hand, the casing tube
must be removed from the inner, upon which suitably-sized
patches are then cemented, or still more elaborate repairs made,
according to the gravity of the accident. In cases of emergency,
as when a puncture occurs on the road, the double-tube tire may
be repaired in the same manner as the single-tube, thus involving
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that the tubes be cemented together, but the repair man can
readily cut the adhesion with benzine or gasoline and make the
necessary repairs in the proper fashion. With a single tube tire
the patch is put on the inside of the air tube, as shown in the
figures, being held in place, until the cement sets by the pressure
of the contained air. But in case of puncture in an inner tube of
a double-tube tire, a patch of cemented rubber or other adhesive
is generally attached on the outside of the air tube. The adhesion
is then maintained, until the cement has set, by the pressure of
the air tube against the case tube. In order to afford protection
to this patch, rubber bands have been recently introduced which
buckle around the injured section and retain the patch under in-
flation. This operation of patching an inner tube may be per-
formed by the roadside by an experienced hand, when, as fre-
quently happens, necessity so demands.

Proportions of Pneumatic Tires.— Very nearly the most im-
portant consideration in point of securing durability and long
service in a pneumatic tire is that it should be of dimensionssuited
to the vehicle it must support. Many accidents and other disable-
ments have arisen from the habit of using tires too small for the
load. On the other hand, no particular advantage can come from
using tires that are too large. The dimensional limits for practical
pneumatic tires are between diameters of 13 and g5 inches, but
the service requirements of most automobile carriages fall far
within these figures. As given by a well-known tire-manufactur-
ing firm, the following figures represent about the correct pro-
portions for single-tube tires:

For static load up to 250 pounds, use a tire of 13-inch outside
diameter.

For static load between 250 and 400 pounds, use tires of 2-inch
outside diameter.

For static load between 400 and 600 pounds, usc tires of 2}-inch
outside diameter.

For static load between 600 and 1,200 pounds, usc tires of
3-inch outside diameter.

For static load between 1,200 and 2,500 pounds, use tires of
4-inch outside diameter.



PNEUMATIC TIRES. 138

For static load between 2,500 and 5,000 pounds, use tires of
5-inch outside diameter.

For double-tube tires the same figures apply approximately.
The manufacturer of the G. & J. tires gives the following figures:

For a static load of 600 pounds or less, use tires of 2§-inch
diameter on case tube.

For static load of 600 to goo pounds, use tires of 2} or 3 inch
case tube diameter.

For static load of goo to 1,200 pounds, use tires of 3-inch case
tube diameter.

Fia. 118.—A De Dion Gasoline Quadricycle, for ca.rr{lng two persons. This venicle con-
sists of a motor tricycle whose forward wheel has been removed in order to allow
attachment to the two-wheeled fore-carriage, as shown.

Although these figures secem to indicate that double-tube tires
of somewhat smaller diameter may be safely used, it is quite cer-
tain that the estimates are rather general than specific, and that
the question of proper tires for each particular vehicle is settled
with reference to the extreme wheel diameter and other propor-
tions. For a motor carriage demands not only an elastic sup-
port, but also one of sufficient contact surface to enable its resili-
ency and adhesion to be efficient under load and at good speeds.
Thus, while it is desirable to strengthen the rubber and fabric
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walls as much as possible against puncture and all undue wear
and tear, it is even more important that the cubic content of the
air chamber should be of a proportionate size to give commen-
surately good results.

The Effects of Resillency in Tires.—A practical test of re-
siliency may be made by lifting a bicycle or vehicle wheel, bearing
an inflated tire, and allowing it to fall a foot or so to the ground.
The result will be that the entire structure will rebound a con-
siderable number of times before falling flat, which fact shows
how efficient a spring device is interposed between the vechicle
and the road surface; also, how great a capacity for absorbing
small jars is employed in addition to the springs. If, now, a
wheel shod with a solid rubber tire be allowed to fall to the
ground in similar fashion, very little, if any, rebound will be
observed, which goes to show that the solid tire possesses no
capacity whatever for supplementing the springs in the absorption
of jars; it throws all of this work upon the springs, which must,
in consequence, be exceedingly well calculated, in order to pre-
vent excessive vibration and rocking of the carriage body. This
is the reason, as already stated, that it is impossible to attain
high speeds on ordinary roads without the use of pneumatic
tires. The roads in such cases need to be smoothed in some
manner, and, as must be obvious on reflection, this function
does not properly belong to the wagon springs and cannot be
delegated to them without considerable inconvenience. In a
few words, the case of the motor carriage is precisely similar
to that of the railroad car, which has the rails of the track to
render possible the desired ends of perfect traction and high
speed, with the minimum of jar and vibration; it has a ready
smoothed road to run on. The motor carriage cannot have such
a track, hence must make its own smooth and even traction
surface, as it moves along.

Testing Pneumatic Tires.—As seems reasonable on reflec-
tion, there is a vast difference in point of resiliency between the
various makes and grades of pneumatic tires; also between
tires of different sizes, and between single-tube and double-tube
tires. Usually the diameter of the tire to be used is calculated
with reference to the weight of the vehicle, the idea being that a
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given diameter of tube will yield a certain proportionate resilient
effect and tractive efficiency. There is, however, a very close
connection between the two properties, since a tire whose reac-
tive quality is high is superior for traction to one that is more
rigid. This is true because greater compressibility entails a
broader surface to bear upon the road, while a greater reactive
power in a tire in resuming its proper shape after deformation
under load, or from contact with obstacles, requires a smaller
traction effort to ensure forward progress. Hence, to determine
the serviceability of a tire the question of its resiliency as com-
pared with others is very nearly paramount.

Duryea’s Tests for Resiliency.—Very few statistics on this
subject have been published up to the present time, and very few
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Fia. 114.—Diagram showing test of resiliency of a pneumatic tire, on wheel, dropped to
tht:‘ floor. ‘Lr:lm a measured distance above, and tracing its rebounds by a resiliometer,
as described.

systematic experiments for determining this point have been
made. Perhaps the most exhaustive investigations were those
conducted by C. E. Duryea, some years since, by way of de-
termining the merits of various makes of bicycle pneumatics. In
a paper on the subject communicated to the writer and subse-
quently published in a prominent automobile journal, Mr. Dur-
yea writes as follows:

“In the course of experiments with cycle tires, the writer built
a simple resiliometer, believed to be the first in the United States,
for the purpose of testing the comparative resilience of the differ-
ent tires then in use. This device consisted of a bar six or eight
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fect long, forming an extension of a wheel axle, the end of the bar
being pivoted to the wall at the height of the axle. On this bar
a pencil was fixed to bear against a vertical plane surface adapted
to slide toward or from the wheel. On this surface paper cards
were attached, and the tire to be tested was placed on the wheel.
The wheel was then lifted a given distance and supported by a
prop. Moving the slide produced on the card a line indicating
the height from which the wheel would fall. Tripping the prop
and moving the slide at the same time produced a series of zig-
zag lines, as shown in the cut, each being lower than the pre-
ceding in a practically fixed relation. After the wheel quit bounc-
ing, another line would be drawn showing the normal position
of the wheel when resting on the ground. The height of the first

FLOOR UNE

F16. 115.—Diagram illustrating resfliometer record of a pneumatic tire, on wheel, dropped
from a given distance to a one-inch round rod, and recorded as the resiliometer slide
is moved.

rebound above the lower line, as compared with the distance
between the lines, was taken as the measure of the tire’s resilience
for the purpose of comparison with other tires.

“Many hundreds of cards were made, both from smooth sur-
faces and from obstacles, such as a one-inch rod resting on the
floor across the path of the tire. A tire that gave good results
from a smooth surface would not necessarily give good results
from an obstacle, while the tire that gave good results from a
rough surface generally gave good results from a smooth. Tires
of equal size and weight, as nearly as possible, were tested at
equal air pressures and also at different air pressures. The re-
sults of the tests showed that good tires possessed a resiliency of
eighty-five to nincty per cent. under favorable circumstances,
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while other tires fell as low as fifty-five to sixty per cent. under
the most favorable tests that could be given them—clearly a vast
difference, and to the writer an unexpected one.

Tests on the Quality of the Fabric.—“The tests further
showed that the fabric of the tire should be free to yield in a
direction lengthwise of the tire and that the air should be con-
fined by threads encircling the tire transversely, i. e., around its
smallest section. These tests were amply borne out in practice
by the adoption of thread tires, which are admitted to be much
faster than woven fabric or canvas tires.

“The tests further demonstrated that the tire should be held
on by some means other than the strength of the fabric, for if
the fabric must hold the tire the threads must run more or less
lengthwise of the tire, whereas, as already stated, the best re-
sults were obtained by placing the threads crosswise of the tire.
This same placing of the threads has an advantage in the matter
of durability, for it is quite evident that the strength of the fabric
will be preserved longer if it is called upon to hold the air only
than if doing double duty by holding the tire on the rim as well.

“A third factor, which has an important bearing on light
tires, or with heavy loads, is the receptive ability of the tires. If
the fabric is free to yield lengthwise the obstacle will push into
the tire without damaging the fabric and without lifting the load.
With an iron tire, for example, an obstacle like a marble will
force the load to be lifted over it, whereas a rubber or pneumatic
tire with fabric free to yield lengthwise simply receives the mar-
ble without lifting the load. Prints of the positions assumed by
the surfaces of different tires were made by placing a lead wire
on the obstacle and running the tire over it under load. This
outline showed very conclusively that one tire would take its
support from the ground, simply swallowing the obstacle, while
the other attempted to lift the load just as a solid hard tire would
do, in which case the strain on the fabric concentrated at the
point of the obstacle must be very great.”

Tests on the Shapes of Rims and Tires.—In addition to
the results attained, as above, Mr. Duryea also made cards illus-
trating the relative merits of single and double tube tires and of
rims of various shapes and depths. His cenclusions were that:
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“The ordinary round tire lying in an arc-shaped rim, as is the
common method, cannot utilize its side walls properly when
meeting an obstacle, since it is flattened toward the rim and
caused to bend at the side abruptly at two places; being bent
outward over the edge of the rim and inward at its widest point.
The outward bend, together with dirt which may get between
tire and rim, tends to chafe the tire on the edge of the rim, a
phenomenon commonly known as rim cutting. The other bend
cannot stretch the outer layers of fabric, so it must compress
the inner fabric and inner rubber, which compression rapidly
causes a crack, weakening the tire from the inside, with the re-
sult that in a short while the tire begins to swell along the sides
and finally bursts. Any rim, therefore, which will hold the tire
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Fio. 116.—Diagram fllustrating the relative degree of flattening consequent on deflating
a double-tube pneumatic, mechanically sccured to base, and a cemented single-tube
pneumatic, through one-half diameter above edges of rim. Note the sharp corners of
the single tube.

at the bottom only, and yet preserve it from rolling sidewise on
the rim, is conducive to long life of tire, for it leaves the side walls
free from short bends and increases the depth of the tire, which
increases its beneficial results as well.”

Relative Efficiencies of Tires.—In order to illustrate his con-
tention, Mr. Duryea prepared figures of a mechanically fastened
double-tube tire and of a single-tube cementedtire with arc-shaped
rim, showing their shapes when inflated and when deflated to
one-half their diameter. His conclusions were that, since a
double-tube tire may be compressed further than a single-tube,
a small tire of the former variety is as efficient in smoothing the
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road as a larger one of the latter variety, while, at the same time,
a proportionate deflation of the two shows a further advantage,
in that the walls of a double-tube tire are bent much shorter for
a given compression than in the single tube, and are forced against
the edges of the rim with much less compression, and that, fur-
ther, the single-tube tire does not flatten out so widely in propor-
tion to its diameter as does the double tube, which latter fact is
of importance, because added width means added supporting
surface, tending to resist further compression as it increases. He,
therefore, concludes that:

“The best automobile tire is the one mechanically fastened so
as to relieve the fabric from the strain of holding the tire in posi-
tion. Its fabric must be as strong as possible, because of the
heavy service which means a long fibre closely woven canvas of
the greatest possible strength and the fewest necessary thick-
nesses, which arrangement is less liable to puncture or tear than
any thread fabric and is yet as flexible as the necessary strength
will permit. Being mechanically fastened, the fabric need not
be stretched in the direction of the length of the tire which in-
creases the resilience and lessens the strain and liability of rup-
ture in passing over obstructions.”

As may be readily understood, a further advantage gained by
using a double-tube tire, mechanically fastened at the base, is that
the sidewise strains encountered in turning corners, are not so
liable to cause rolling off the rim. In bicycles this danger is
largely averted by the rake, or inclination, taken by the wheels
in turning corners, which maintains the entire wheel-structure,
including the tire, in one plane. But, in automobiles this rake
cannot be obtained except with the front or steer wheels, the
result being that the strain brought upon a tire in turning cor-
ners at high speed is enormous. A tire, standing high above the
rim, and rigidly attached at the base, is capable of a very con-
siderable sidewise deformation without particularly great dan-
ger of rupture or other accident. Howbeit, if the inflation be in-
sufficient, such side strains are very liable to loosen the fasten-
ings, particularly when clamps are used.

Attachments for Double-Tube Tires.—The G. & J. tire has
several points of resemblance to the Michelin clincher. The
outer, or casing, tube carries longitudinal flanges, intended, as is



140 SELF-PROPELLED VEHICLES.

shown, to fit into the grooves on the rim. The method of attach-
ment is, briefly, to insert the flange on the side carrying the
rubber and fabric flap piece, shown beneath the inner tube; then
to set the inner tube in place, valve first; finally, to insert the
flange on the side of the outer tube still unattached beneath the
opposite groove on the rim, and beneath the flap piece already
mentioned. The side last attached is first disengaged in the act
of removing the tire from the rim. By inserting the flanges of
the outer tube in the grooves of the rim a very firm grip is ob-
tained, which cannot be disturbed without the use of a special tool

F16. 117.—* Automotor " Gasoline Phaeton, with rumble seat, illustrating a recent design
in light motor carriage construction,

furnished with each set of these tires. Moreover, this secure at-
tachment at the base of the tube neutralizes the tendency to creep,
which effect is greatly increased by perfect inflation. The secure
attachment, obtained by the flanges, is augmented in the Michelin
tires by the use of such lugs and screws as are shown in connec-
tion with the type of tire described above. The danger of punc-
ture is largely overcome in this tire by thickening and corrugat-
ing the tread. but should puncture ever occur, it is possible to
readily detach the outer tube from the wheel rim, in order to
apply the necessary cement and patches to the inner.
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The Dunlop Double-Tube Tire. — With the Dunlop double-
tube carriage tire the process of attaching is somewhat similar,
although the flanges are here replaced by one or several endless
wire rings, inserted in the fabric of the outer tube, and of such
length as to fit the rim tightly at the base of the tubular retaining
flanges or edges, as shown, when the inner tube is inflated. The
process of attachment of the outer tube is, briefly, to insert the
wire edge of one side of the outer tube in the bottom of the deep
central channel of the rim, which, as may be readily understood,
permits the ring to be forced over the tubular edges with very
slight effort. The inner tube is then put into place, valve first,
after which the other wire ring is inserted in the bottom of the
central channel and similarly urged over the edges of the rim. By
inflating the inner tube, the wire rings are forced against the
bases of the tubular edges; all tendency to roll or pull off under
this outward stress being thus overcome. A very firm and rigid
attachment is also made at the base, completely around the rim,
with the result that creeping is rendered impossible. The tubular
retaining edges obviate rim-cutting, as the tire is forced against
them, under the weight of the carriage. The layer of fabric at the
base of the inner tube eliminates all tendency to pinching or wear-
ing of the rubber against the corners of the case tube, which was
a constant souirce of anxiety in some of the earlier patterns of this
tire made without such protection. Some Dunlop tires, intended
for heavier service, have an additional, dctachable tread-piece,
which may be readily replaced by proper appliances. when worn,
thus ensuring a much longer life to the tire and acting as an
additional precaution against puncture.

The Goodyear Tire.—The theory of producing firm attach-
ment between tire and rim by the use of endless wire rings, or
bands, is also applied in the Goodyear vehicle tire, as is shown
in an accompanying figure. ‘The walls and tread of this tire are
composed of the usual layers of fabric and rubber, which are con-
tinued also into the square portion intended to fit the rim. At
either side of the base, and so disposed as to bear against the
outwardly flanged edges of the rim channel, are ribbons of wire
inserted in the fabric of the tire wall. The wires of these ribbons
are braided together, like the threads of a cotton shoc string or a
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binding tape, so as to shorten in length under any impulse to
spread the strands apart. The braiding, being thus spread by the
inflation of the tire, contracts in length so as to grip the rim very
firmly, and prevents all creeping or other movement tending to
cut either the wire or the fabric. The arrangement permits the
use of a shallower rim than is possible with most other pneumatic
tires. )

A Non-Collapsible Tire.—The Munger single tube tire, as
shown in Fig. 105, bears on its upper and lower walls longitudinal
rubber buffers, so shaped as to fit together in case the tire be-

F1a. 118.—Wheels and running gear of a * track-laying ™ tractor, designed to travel on
ordinary roads with a small amount of surface friction without the use of pneumatic
tires.

comes deflated from any cause. In this contingency it is not
necessary that the wheel should run on its rim, to its obvious
destruction, since these buffers prevent complete collapse and to
a large extent give the effect of a solid tire. The tread buffer also
renders puncture from sharp obstacles an exceedingly remote
possibility. It further presents a greater surface than does the
ordinary round-faced tire for the displacement of air, and, as a
result, can be used with less inflation with consequently better
resiliency and power to absorb vibration. One disadvantage,
however, lies in the lips overhanging the edges of the rims, which
would seem to prevent the sides from bending as freely as de-
sirable,
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Tractive Devices: Track-Laying Wheels —In order to at-
tain the end of superior traction, otherwise than by the use of
pneumatic tires, several inventors have devised and patented road
locomotives that lay a track as they advance. This is accom-
plished by the use of a suitably constructed chain belt passing
around the wheels of the vehicle and driving them from a
sprocket directly geared, or on a countershaft. One of the best
designed of these is shown in an accompanying figure. It would
undoubtedly serve the ends of ready traction and power economy,
but has never been tested under high speed conditions. Gen-
erally speaking, it seems hardly suitable for motor carriage pur-
poses, and is mentioned only to show that the necessity met by
pneumatic tires has been repeatedly apprehended by vehicle de-
signers.

A Double Interacting Elastic Wheel.—Another device of

more recent invention and even greater excellence of design de-
serves mention in this connection. It is, in short, a wheel con-
trived to combine the durability and good tractive properties of a
solid tire with the resiliency of a pneumatic, while quite effectu-
ally protecting the latter from puncture and other wearing
strains of travel. These ends are achieved with a very ingenious
mechanism, by which two wheels are hung on one hub or axle
boss, as shown in the accompanying diagram, the outer one
being shod with an ordinary solid tire, the inner with a pneu-
matic. Of course, in order that the desired effect should be per-
fectly achieved, it is necessary that there should be some play
between the two wheels, permitting the weight of the vehic_le to
bear against the lowest point of the pneumatic tire on the inner
wheel, without involving distortion of any part of the structure.
Accordingly, the hub is constructed in sections, between which
considerable movement is possible.  These sections, as construct-
ed for several types of these wheels, are shown in accompanying
sketches, and are, briefly: A central hub plate—or spoke hanger
where wire spokes are used—which is perforated to fit loosely
over the axle boss, and has also a slot cut on two opposite radii
from the nave: two other hub plates, or “half hubs,” similarly
perforated and interiorlv slotted. and also arranged for attaching
spokes; two “intermediate floating guide plates,” with keys set
upon reverse sides at right angles to each other, which guide
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plates, being set between each of the outer hub plates and the
central hub, have their keys or splines inserted in the grooves
above mentioned, thus permitting a complete rotative move-
ment between the central hub and the outer hub plates, which
gives the desired play between the former and the two latter.

Fi6. 119.—The Double Interacting Wheel, constructed for heavy carriage use. As may
be seen, it consists of two distinct wheels hung on one axle and in the same plane.
The larger has a solid rubber tire for the sake of good traction, the smaller has a
pncumatic for the nceded resilient effect.

Construction of the Double Interacting Wheel.—The central
hub supports the spokes of the outer, or larger, wheel, which is
shod with the solid rubber tire, and the outer hub plates attach
similarly from either side to the inner, or smaller, wheel, which
is shod with the pneumatic. Since the hub of this inner, or
smaller, wheel fits snugly over the axle boss, the outer one hav-
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ing considerable play around it, it follows that the effect of the
load is to bring the weight upon the pneumatic tire, which bears
against a circular channel, thus delivering the benefit of its re-
siliency to nearly one-half the wheel diameter, rather than to
only one point at the ground. Thus, while a free movement radi-
ally is permittead by the interaction of the wheels, they are so
locked, by the keys or splines on the floating guide plates of the
hub, that they are compelled to rotate together. A wheel thus
constructed may be tested in the manner above specified, and
will show the effect of the pneumatic tire’s resiliency, as much, if
not more, than if the tire were mounted on the outer rim in

F1a. 120.—Elements of the Compound Hub of the Double Interacting Wheel. A is the

outer hub plate, showing interior slot. B is one of the two floating guide plates, car-

ing keys or splines, arranged on either side, as indicated. C is the central hub
plate, also slotted, and arranged for hanging spokes.

contact with the ground. At the same time the tire is perfectly
protected from puncture; is not liable to creep, since the strain
of the load, delivered at the point of contact on the outer rim,
is transmitted through a V-shaped area to the interior of the
wheel, thus involving that the pneumatic tire be bound by a
considerable arc of its outside containing channel. Such a con-
struction and operation also prevent destruction of the pneu-
matic from other causes, such as wrenching and kneading on
the rim, that result in tearing and overheating. This means that
a cheaper pneumatic tube may be used than would be possible
against the ground under hecavy load.
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CHAPTER TEN.

THE THEORY, CONSTRUCTION, AND OPERATION OF STEAM
BOILERS.

Principles of the Steam Engine.— While it may seem hardly
necessary to treat of the theory and construction of the steam
engine, even in a book intended for non-technical readers, a brief
review of main points cannot fail to make clearer what is to fol-
low. As is well understood, the stcam engine depends for its
operation on the expansive power of water vapor under the influ-
ence of heat. When water passes from the liquid into the gaseous
state its tendency to expand is immense, and any attempt to resist
or confine the process is the occasion for producing a force of al-
most unlimited possibilities. Thus, when water is heated above
212 degrees in a confined receptacle, known as a boiler, there is
generated a pressure sufficient to move machinery. Being let out
through valves operated by properly adjusted gears, it may be
controlled so that, by its expansive force, it drives backward and
forward the piston sliding in a hollow cylinder; thence by piston
rod, cranks and wheels, imparting its energy for the accomplish-
ment of work.

Conditions of Steam Jeneration.— There are certain condi-
tions which must be observed in the construction of steam engine
boilers, in order to ensure the heating of the entire volume of
water contained in as short a time as possible. These conditions
refer to the properties of water as a conductor of heat. In the
first place, in water as in air, the tendency is for the heated por-
tions to rise; thus if the heat is applied at the top of an enclosed
body of water the first few inches may be near the boiling point,
while the layers below will be nearly, if not entirely, as cold as
before heat was applied. If, however, the heat be applied at the
bottom of a boiler a circulation will immediately be established,
the heated layers from below constantly tending to rise, and the
unheated above constantly tending to sink to the bottom. Some
shell boilers—that is to say, boilers consisting of a water space

7
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pierced by heating flues—have specially arranged screens to con-
trol the circulation of the water under the influence of heat. Such
an arrangement is advantageous in separating the various layers
of water and hastening the process of steaming by preventing
the undue giving-off of heat. Many water-tube boilers, consist-
ing of coils or trains of tubes containing water, accomplish the
same end by constructing the tubular system in the general di-
rections of water circulation in relation to the steam drum, thus
securing rapid and evenly distributed steam generation.

Power Capacity of Steam Boilers.—In order to obtain good
results from a steam engine, it is obvious that all parts must be
in proportion. That is to sa,, the boiler must be capable of gen-
erating sufficient steam to drive the cylinders and enable the ma-
chinery to be moved accordingly. Now, the power of boiler
and engine may be calculated by simple rules of proportion,
which, when followed ir. the work of construction, permit econ-
omy of space and material. Of course, it is obvious that a boiler
of large generating capacity will develop less power with a poor
engine, one using steam wastefully or being otherwise faulty,
than with an engine of better design. With the former it might
be able to develop only sixty horse power, with the latter 100
horse power, but this does not mean that a boiler built for an
ultimate capacity of sixty horse power can drive to its full
strength an engine of 100 horse power. It cannot generate suffi-
cient steam, nor with sufficient rapidity. It follows, therefore,
that there must be a standard for measuring the generative power
of a boiler, which is different from that applied in calculating for
the engine. The standard horse power at the boiler—the power
required to raise 33,000 pounds through one foot in each minute
—is, accordingly, the evaporation of thirty pounds of water per
hour, fed to the boiler at a temperature of 100 degrees, Fahren-
heit, and giving a pressure of seventy pounds, as indicated by the
steam gauge. Hence, it follows that tests for boilers are based
upon their capacity for evaporating so many pounds of water per
hour, under the conditions specified.

But the amount and rapidity of the evaporation depends upon
the quantity of heat applied to the water in the boiler for each
cubic inch of its contents. Hence it is that the power of a boiler
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to evaporate so many pounds of water per hour at a given pres-
sure in the gauge may be calculated directly from its heating
surface as compared to its cubic content. The greater the heat-
ing surface, the greater the capacity for generating given horse
power; and the smaller the heating surface, as compared with
the contained volume of water, the smaller this capacity. In ac-
cordance with this principle, boilers are constructed with tubes

Fias. 121, 122 and 123.—Exterior and sectional elevation of an upright stationary boller,
also plan, showing the grate bars and the surrounding waterleg. In these figures,
A is the fuel feed door; a is the chimney; f, 1, /. the flues: 1, 1, the water level; c, ¢,
the lower tube plate: g, the upper tube plate. The feed water is heated in the water-
leg around the fire box.

or flues running in their length from head to head, in order that
the heat from the furnace may be directly applied to as many
cubic inches of water as possible, as the smoke and gases of
combustion pass through, under draught, on the way to the
chimney. The number and size of these flues, therefore, consti-
tutes the standard for a boiler’s capacity in proportion to the
length and diameter of its shell.
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Rule for Computing Boiler Capacity.—The rule usually ap-
plied in calculating the steaming capacity of a shell boiler is to
find the total number of square feet of heating surface, and divide
by fifteen. This gives the nominal horse power capacity, since,
as has been calculated, a boiler can generate one horse power in
steam on each fifteen square feet of the heating surface. In hori-
zontal stationary boilers a portion of the shell—generally two-
thirds—is counted as heating surface, being directly exposed to
the fire, but in computing for most of the boilers used on Ameri-

Fia. 124.—The Kitts-Tonkin Dry-Plate Boiler, for stcam carriages. This boiler consists of
two seamless steel pressings riveted tos;ether through a flange, as shown. The flues
are inserted through perforations in the upper and lower crown sheets, and in the
intermediate dry plate, also secured by the rivets. Suflicient space is left around the
flues to allow the steam to collect above the plate, going thence to the engine. The
dry plate forms a very eficient separator. e steam connection to the engine is by
the vertical tube at the centre of the upper tube plate. It extends only a short dis-
tance into the space above the dry plate, thus ensuring the feeding of perfectly dry
steam.

can steam automobiles, the total arca outside of the flues is so
insignificant that it need not be included in general calculations
on the boiler horse power.

The quick steaming power, due to increasing the heating sur-
face in proportion to the water-content of the boiler, realized in
modern boilers, particularly in some of the small ones used on
steam carriages, has brought the average very much below fifteen
square feet per horse power. Some water-tube boilers have one
horse-power for each five square feet.
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Rapid Generation of Steam.—As we have seen, a boiler
adapted to the needs of a steam road carriage must combine
lightness, compactness, strength and power-generating capacity.
It must also be capable of rapid generation. That is to say, it
must be so constructed that it will have the steam up within a
reasonably short time after the fire is started. Were it not possi-
ble to do this there would be vexatious delays at the beginning

F10. 125.—Part section through a large horizontal stationary boiler, showing the fire box
and flue r:]uwo. A fusible plug set at the highest fire line is melting, thus allowing the
water and steam to escape fato the fire box, extin{ulshing the fire. Fusible plugs
will not melt so long as the water level is at the right height.

and also considerable waste in fuel and water, through the neces-
sity of keeping the heater at work during stops, long or short.
All such faults would greatly embarrass its usefulness in the
-hands of persons not skilled engineers. As a matter of fact,
however, the result of rapid generation may be achieved in any
boiler combining a large heating surface with compactness of
construction, and by observing these simple conditions most
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American steam automobiles are highly efficient in this respect.
Another result which seems to follow in boilers constructed for
rapid generation—having a large heating surtace in comparison
with its cubic water-content—is that a horse power may be dc-
veloped very greatly in excess of that allowed by the formula
above quoted. This, as we shall see, is particularly true of water
tube boilers.

There are several methods of increasing the heating surface of
a boiler, any one of which will prove efficient within certain lim-
its. In general, it seems a good rule that the cubic capacity of

Fia. 120 Fie. 127

F16. 126.—8ection of a t of carriage boiler, showing the disposition of one row of
tubes, also location of fusible plug, steam separator and bafile plate. The shell is a
seamless steel tube and the tu p\ates are inflanged and rivcted.

F1a. 127.—Convenient form of fusible plug contained in a screw bolt for insertion in crown-
sheet, as in Fig. 128.

the water chamber may be decreased, in order that the heating
surface may te proportionately increased. This result may be
achieved by inserting a larger number of flues, as in the boilers
of most American carriages. Water-tube boilers also accom-
plish the same result by the excellent device of feeding water
into a coil or a train of pipes which are directly exposed to the.
heater. Particularly when the pipes are joined to a separate
steam chamber, this type of boiler has been found very efficient
for vehicle work, and is largely used on heavy steam wagons.
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MNanner of Securing Boiler Flues.— The flues of boilers are
secured to the tube plates as shown in the accompanying figure.
Both plates are bored with the required number of holes of a
size suited to fit the flues exactly. The flues, when inserted in
the holes, are expanded by the use of a mandrel, and the protrud-
ing ends are then flanged over upon the plates. In locomotive
boilers and in some others of large power extra security is at-
tained by driving a slightly tapering ferrule into the tube at the
outer end, leaving a small portion protruding, so that, should a
leak be sprung at the end, the joint may be tightened by driving
it home. Such ferrules are usually omitted in the construction
of automobile boilers, the moderate pressure at which they are

Fia. 128. . Fia. 129.
F1a. 128.—Four methods of joining the shell plates of a steam boiler: A, single-riveted lap
oint; B, * zig-zag " riveted lap joint; C, double butt-strap joint; D, single butt-strap
Fia. (1‘3?;Method of expanding the ends of flues into the crown plate of a boiler. A is
the crown plate; B, the flue tube; D, where the end of the flue is flanged over; C, &
ferrule for giving extra tightness, as sometimes used.
worked being scarcely sufficient to break a well-made joint of
the kind described. Moreover, as the co-efficient of expansion
for copper, of which the flues of small boilers are usually made,
is greater than that for steel or iron, which composes the rest of
the boiler, the flues expand first, thus adding another element
of security to the joint.

Also, since, at very high temperatures, copper begins to ex-
pand less rapidly than iron or steel, the result is likely to be a
leak at the flue joints, which prevents more disastrous conse-
quences. Any serious leaks from this cause may be readily re-
paired by a tube expander, when the boiler is cooled. Thus

copper flues furnish a factor of safety.
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Shell and Water Tube Boilers.—Both varieties of boiler are
used in automobile construction, although in most of the best
known makes of American steam carriage the small shell with a
large number of flues seems to be the favorite. Numerous engi-
neering authorities, however, claim that the water tube variety
is better adapted to light road carriages, intended for the use of

amateur engine drivers, from the fact that, as they are less liable
to explode with disastrous consequences, there is no temptation
to allow the water level to rise unduly and thus cause “priming,”
or the delivery of hot water into the cylinders. With the best
shell boilers there is danger of explosion if the water is allowed
to sink below a certain level, or incrustations on the base plate
decrease the conducting properties of the metal. Either condi-
tion is liable to cause overheating. Thus fuse plugs are inserted

Fia. 130.—The Dudgeon Boiler Flue Expander, as used for making expanded joints on the
flues of large boilers.

Fi1a. 181.—An Expander for the tubes of carriage boilers. By the use of this tool damage
to the boiler may be readily repaired.

at some convenient place, so as to melt when the metal of the
shell becomes unusually heated and allow the remnant of water
to extinguish the fire. Such fusible plugs are usually made of
same alloy of tin and bismuth, and melt at various temperatures
up to 400 degrees, Fahrenheit.

The Blow -Off Cock.—This is an important attachment of all
boilers, furnishing a ready means of removing the water from the
boiler under pressure of its own steam, which is called “blowing-
off.” It is also used in some carriages for attaching a hose to
fill the boiler at starting, or for injecting water for cleaning the
interior. It is usually closed with a box nut for receiving a
wrench, but sometimes by a cock, as in large boilers.



CHAPTER ELEVEN.

THE TESTING AND REGULATING ATTACHMENTS OF STEAM
BOILERS.

Boiler Attachments: Try-Cocks and Water (lass.—In op-
erating a boiler of any design it is essential both for safety and
efficiency that the engineer should be kept constantly informed
on the level of the water and the pressure of the steam. For
this reason boilers are fitted with try-cocks, water glass and
steam gauge, all of which are depicted in accompanying figures.
There are usually three tiy-cocks, as shown, the upper one in-
tended for steam, the second at the working level of the water,
and the third at a fixed point above the fire line. In conditions
of uncertainty in the action of the water glass the engineer may
find out whether the water level is too low by opening the lower
cock, or may find if it is too high by opening the two upper ones.
In making test it is necessary to leave the cock open sufficiently
long to discover whether all steam, all water, or a mixture of both
is escaping. In large boilers it is desirable thus to open the try-
cocks several times a day.

The water glass, or water column, furnishes a ready means for
determining the exact height of the water in the boiler. It con-
sists of two cocks opening into collars arranged to be connected
by a length of glass tubing, as shown in the figure. By opening
these cocks the height of the water may be seen in the glass tube.
Since it is such an important consideration in boiler operation
that the water level should be constantly watched, it is necessary
that the water column should be placed where the engineer may
constantly observe it. Thus it is that, in steam carriages it is
disposed in the side of the body beneath the scat, its condition
being readily observable by the driver by reflection in a small
mirror set to one side of the dashboard. Lamps are also ar-
ranged behind it, so that the level of the water may be observed
at night. )

The water glass also gives information on the condition of the
water within the boiler, as when oil or scum has collected on the
surface, causing foaming. Then the uneven fluctuations in the

185
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water level indicate the condition beyond doubt. When this con-
dition is noted it is time to blow off the boiler, or, at least, to ob-

serve carefully its operation.

Troubles with the Water Qlass.—Troubles with the water

glass that must be constantly guarded against are stoppage by
sediment and the breaking of the glass tube. The former diffi-

I
il

Fio. 188. Fia. 138,

F1a. 182.—8ectional view of a water glass, as used on l"ﬁ boilers, showing water level
and sections of stop-cocks, drain-cock, tube packing and retaining nuts.

Fi1n. 133.—Section on boiler shell showing the designed position of the try-cocks: the cen-
ter one coming at about the average water level.

culty may generally be remedied by closing the lower cock and
allowing the steam from the upper one to blow through the
drain cock shown at the bottom. In case the glass tube be
broken it is necessary only to close both cocks, and insert a new
tube in the collars, having first removed the nuts and packings at
top and bottom. In order to obviate, as far as possible, breakage
of the glass it is necessary to avoid too sudden changes of tem-
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perature in the column, when first opening the cocks, after get-
ting up steam.

Most of the water glasses used on steam carriage boilers have
self-closing valves, which operate to prevent the escape of steam
in case the glass is broken. In the use of these valves particular
care is needed, since they are very liable to be clogged with sedi-
ment or incrustation, causing false indications of the water level
and enabling the boiler to be burned out before the driver knows
that anything is wrong. Several carriage owners, in the writer’s
experience, have had these valves removed, and contented them-
selves with closing the cocks every time the glass is broken. This

Fra. 184, Fia. 135.

Fi1a. 184.—Water column, try-cocks and water glaas of the * Locomobile * Carriage. The
water column i8 connected to the boiler at top and bottom, as shown. The continua-
tion of the lower pipe to the right leads to the steam gauge.

Fia. 1&'5.—'1‘yf)e of check valve for a water glass. As may be seen, the cone-shaped valve
remains in the position shown, so long as the pressure is the same at both sides.

When the water glass is broken, the steam, coming through the pipe at the left,
causes the valve to rise into its seat, thus closing the opening.

may be a rather exceptional experience, but it is extremely de-
sirable, if not imperative, to verify the water glass reading by the
try-cocks before starting the carriage.

The water glass is an important piece of mechanism, and can-
not be too closely observed and cared for. Skilled engine drivers
take its record constantly, and so very important is it that no
error regarding the water level should be made that some in-
ventors have proposed using colored floats to attract the driver’s
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eye, and enable readier reading of the record. A supply of glass
tubes should always be kept on hand in a steam carriage so that
breakage may be immediately repaired. Also, every possible
precaution should be adopted to prevent the accumulation of
sediment that might obstruct the free passage of the water into
the glass. It is well to clear the tube by flushing with steam at
frequent periods.

Low Water Alarm Devices.—In order to provide against the
neglect and mismanagement frequently to be encountered in driv-

Fie. 136. Fia. 137.

Fia. 136.—The * Reliance " Low-Water Alarm.
Fia. 137,—The * Kitts ” Low-Water Alarm.

ing steam carriages, the water glass has been supplemented by a
further form of attachment, known as a low water alarm. There
are several good varieties of this contrivance on the market, all
of which are constructed so that when the water from the boiler,
admitted by cocks and tubes to the body of the instrument, has
fallen below the desired level a valve will be opened and steam
admitted to a whistle. The sound of the whistle warns the driver
that the boiler feed is in some way out of order.

The “Reliance” low water alarm, shown in section in an ac-
companying cut, consists of a cylindrical steel chamber, in which
a hollow metal spheroid depends from the end of a lever. The
fulcrum of this lever is at the opposite end, and immediately




THE ATTACHMENTS OF STEAM BOILERS. 159

above it is a lug which operates a needle valve, as shown. So
long as the water in the boiler and the gauge column is at the
proper height the ball, or spheroid, floats, thus holding the lever
up, and keeping the needle valve closed. When the water level
falls, the float falls with it, depressing the lever and opening the
valve, with the result that steam is admitted to the whistle. Such
a device is perfectly reliable, unless the float be broken or punc-
tured, as seldom happens, since both it and the cylinder contain-
ing it are constructed to withstand higher pressures than are or-
dinarily used in the boilers of steam carriages.

The Kitts low water alarm is of somewhat different construc-
tion; using a solid weight of phosphor bronze, to which are at-
tached compound levers to open the whistle valve, when the
water level falls too far. The theory is that the solid weight is
lighter in water than in air, and that so long as the water stands
at the required height around it, the up-buoying effort will suffice
to keep the whistle valve closed. So soon, however, as the water
level has sunk unduly the weight will drop with it, thus causing
the levers to operate to the extent of opening the valve to admit
steam to the alarm whistle. The efficiency of the large weight
in keeping the valve normally closed is furthered by another
smaller weight on the second lever, as shown, bearing direct on
the valve. The advantage of this construction, which is eminently
practical, is that the troubles often encountered with hollow floats,
and, perhaps, feared oftener than encountered, are entirely es-
caped.

The Steam (auge.—Not only as a factor of safety, but also
as a means of determining the power output, a stcam gauge is
attached to all well-appointed boilers. This is a device which
indicates on a dial the degree of pressure generated by evapora-
tion of water within the boiler. The steam gauges in common
use are the same in outward appearance, although all are con-
structed with one of the two varieties of internal mechanism,
geared to move the hand under steam pressure. In the first
variety the steam bears upon a diaphragm, regulated to yield in
proportion to the pressure exerted, and actuate the dial mechan-
ism accordingly. The second variety of steam gauge operates
through the tendéncy of a flattened and bent metal tube to
straighten out under pressure of the steam or gas within it.
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Such a gauge is shown in an accompanying figure, which shows
a tube, flattened to an ellipsoidal cross section, connected by one
end to a steam pipe leading direct from the boiler. When the
cock is opened, steam is admitted to the tube, its pressure tend-
ing to change the flat section to one more nearly round, and
in the process causing the tube to tend toward uncoiling itself.
This tendency toward uncoiling is in the direction of a straight
line conformation, and hence the other end of the tube, at-
tached, as shown, to a link which connects it to a lever bearing
a toothed segment, tends to move to the left (as in the cut),

F1as. 138 and 139.—Interior view and dial face of one type of steam %u.u . The steam is
admitted through the cock at the bottom of the dial box into a flattened and curved
tube, which it causes to straighten slightly by its pressure, thus operating the sector
and the hand on the dial plate.

causing the link to move the lever. As the lever is dragged by
the link, the toothed segment actuates a pinion carrying the
hand of the dial on its spindle, thus indicating the pressure, at
work against the flattened walls of the tube, on the dial of the
gauge, which is shown in the front view.

Most gauges working on the diaphragm theory also have the
hand of the dial operated by a toothed sector, link and lever,
the latter bearing on the centre of a corrugated diaphragm, A,
as shown in the figure. The corrugations of the diaphragm,
furnishing a distortable surface, in the same fashion as the flat-
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tened walls of the bent tube, move in obedience to the pressure
of the steam, as could not be the case, were the diaphragms left
flat. However, the degres of corrugation, the diameter of the
diaphragm, and the rigidity of the fastening around its edges
all serve to render the amount of distortion and consequent ele-
vation of the centre of the disc dependent upon the number of
pounds pressure brought to bear. Thus the lever, bearing upon
the upper centre of the diaphragm, where the greatest move-
ment must be, is raised or lowered as the pressure fluctuates,
actuating the link and toothed segment, and causing the hand to
indicate the pounds pressure of steam on the dial.

Fie. 140.—A Weight and Lever Safety Vu.'l'lve for a large stationary boiler, shown in
section.

Cause and Danger of Excessive Pressures.—Since every
boiler is calculated to supply steam to its engine at a certain
maximum working pressure—with light steam carriage boilers
the usual working pressure is between 150 and 180 pounds—
the driver can readily find from his gauge whether or not full
power is being generated. Exceptionally high pressures under
working conditions indicate a danger point, and in small boilers
they are very often due to a low water level, which, unless
remedied, will result in burning out. A carriage boiler holding
a proper supply of water cannot derive sufficient heat to gener-
ate pressures above a certain fixed point, because, as will be ex-
plained presently, the fire is automatically regulated. If, how-
ever, the water has become exhausted, even though an excessive
pressure acts to shut off most of the fuel supply, the metal of the



162 SELF-PROPELLED VEHICLES.

boiler will become sufficiently heated to collapse the tubes. The
enormous heat-absorbing property of water neutralizes the ten-
dency to over-heating of shell and tubes under usual conditions.
It is the “dry heat” that must be guarded against in boilers.

So far as the test resistance of small boilers is concerned they
should be able to endure pressures far beyond the “blow-off
point” of the safety valve. Several American carriage boilers are
advertised to have been tested at a “cold water pressure” of 1,000
pounds and over to the square inch. This test is made by inject-

Figs. 141-141a.—Dial and Interior View of the ‘* American  Duplex Combined Steam and
Air Pressure Gauge for Use on Steam Carri&f‘es. The dial has two hands; one of
them attached to a slecve which works over the spindle carrying the other, in the
same manner as the two hands of a clock are hung. As ma, readily understood,
the two hands work in opposite directions, one clockwise, the other counter-clock-
wise, from zero to maxitnum on their respective scales. The sectional view shows
the mechanisin by which this result is accomplished: two se| te inlets, for steam
and air, respectively; two distinct flattened and curved steel tubes, each attached at
its end by a link to a lever and toothed sector working on the toothed pinion concen-
tric with the pivot of one of the hands. The two flattened tubes, of course, have dif-
ferent tensile ratios, causing them to tend to straighten at different pressures.
Hence the steam hand records a maximum pressure of 240 pounds, while the air hand
records a maximum pressure of 100 pounds. Duplex gauges of precisely the same
construction are on the air-brake systems of many ruilrour locomotives—one
hand recording the pressure in the air reservoir, the other in the train pipe. The
duplex spring used in this make of gauge is so well constructed and so sensitive that
it enables the manufacture of the smallest size of gauges on the market. A duplex
gauge of this description is shown in place on a steam carriage in Fig. 247,

ing water under such a pressure mechanically exerted or by fill-
ing it from vertical tubes of considerable height. Such a test,
however, in the absence of heat, indicates only the tensile
strength of the metal. For obvious physical reasons, this is quite
a different thing from the conditions brought about by the action
of the heat.

One case, however, recorded in several motor carriage papers,
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might be cited in favor of almost as great endurance under work-
' -ing conditions. As is related, a certain Frenchman, owning an
American steam carriage, determined to discover the endurance
of his boiler. So, having disconnected the burner regulator and
fastened down the safety valve, he allowed steam to generate
under full heat. Watching the steam gauge from a safe distance
through a spy glass, he allowed the pressure to rise several
hundred pounds above normal, and having found that no explo-
sion occurred, concluded that his life and limbs were safe. He
rode home in the carriage.

Fioe. 142, Fia. 143,

Fi6. 142.—Form of spring safety valve used on some locomotive boilers. AA are two
valves; B, a croes piece bearing on both; D, a spiral spring fixed at C; E, a set screw
to regulate tension of spring.

Fic. 143.—8ection of one type of ‘‘pop" safety valve for steam carriages, showin,
internal construction sinu':en.r to Fi%o 142, &

Safety Valves; Construction, Theory and Operation.—The
design of the argument up to this point is to satisfy the reader
that explosion in a steel-shell, copper-flued carriage boiler is very
nearly impossible, and, further, that moderate care and watch-
fulness can prevent the burning out or collapse of the flues. The
unskilled engine-driver is amply protected, if he only exercises
reasonable prudence by the automatic burner regulator, the
automatic low water alarm, the water glass and steam gauge in
plain sight, and lastly by a safety valve adjusted to blow off at
the proper pressure.

A safety valve is simply a valve of ordinary description, ar-
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ranged to close a steam pipe outlet, under pressure of a weight

or spring. The form most commonly used with stationary boil--

ers is the long lever variety, shown in an accompanying figure.
It consists of a mushroom valve of ordinary pattern set over an
orifice leading from the boiler, so as to be lifted when sufficient
pressure of steami bears against it. Over the centre of this valve
disc at the point, C, is a lever, one end of which is pivoted at
its fulcrum, A, the other end, B, bearing the weight, W. The
blow-off pressure, or the point at which the valve opens and al-
iows the steam to escape, may be regulated by the position of the
weight, W. According to the law governing levers of this par-
ticular variety the blow-off pressure is least when the weight is at
the extreme end of the lever, as shown in the cut, and greatest
when slid to the opposite end toward the yoke set to steady the
lever arm. .

The rule for determining the blow-off pressure with such a
safety valve is to multiply the length of the lever, from A to B,
by the weight of the ball, W ; to divide this product by the length
of the fulcrum, from A to C.; to add to this quotient the total
weight of valve and lever; and to divide the sum, thus found,
by the area of the valve. If, then, in a given stationary boiler, the
length of the lever is 45 inches; the weight of the ball, 100
pounds; the length of the fulcrum, 5 inches; the weight of valve
and lever, 60 pounds; and the area of the valve, 8 square inches,
we have in accordance with the above rule:

45 X 100 = 4500, 4500 = 5 = 900.
900 4 60 = 960. 960 = 8 = 120.

which expresses in pounds the steam pressure at which the valve
will blow off.

Such a form of weight and lever valve is not suitable for loco-
motives or steam carriages, from the fact that the constant vibra-
tion of travel will inevitably unseat the valve and allow the steam
to escape before the desired pressure is generated. Consequently,
several varieties of spring and direct weight valves have
been devised for use on locomotives. In these valves the
desired pressure is determined by adjusting the tension of
the springs, which are of such strength and rigidity as
not to vield to any pressure below that required. This is the
principle applied in the common forms of spring scales, used by
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butchers and other merchants, and is efficient in both applica-
tions, from the fact that a compressile or extensile spring ac-
quires greater rigidity under mechanical strain or pressure, then
requiring greater stress to cause it to yield as desired. In cal-
culating such valves, the area of the opening and the strength
and tension of the spring are the important considerations. Thus,
as given by several authorities, the rule for calculating a valve of
this description is to “multiply the area of the opening in square
inches by the greatest steam pressure in pounds per square inch
that the boiler is intended to bear.” Thus, if a valve have an
opening of two inches diameter, which mecans an area of 3.14
square inches, and the boiler is intended to blow off at 250 pounds
pressure per square inch, we have: 250 X 3.14 = 785, as the
expression for the number of pounds pressure that must be
brought to bear upon the valve spring. If, however, the open-
ing is # inch diameter, as in some carriage boiler valves, and
the blow-off pressure be 250 pounds, as many state, we have:
250 X .19635 = 49.09, as the necessary pressure on the spring.
With an area of opening of .g94, which is approximately one
square inch, and represents a diameter of 1} inch, we have, by
the same process 248.5 pounds, as the indicated required pres-
sure on the spring.

The safety valves used on steam carriages are constructed on
the same genecral principles as any of the spring valves used on
locomotives, or other boilers. They are usually known as “pop”
valves, from the fact that the steam in lifting the valve from its
seat usually makes a “pop” or sudden detonation. As a usual
thing carriage valves are adjusted to a fixed pressure, which is
never disturbed.

As will be seen later, several steam carriages and wagons have
safety varves which combine the functions of automatic by-pass
controllers; not only operating at a stated pressure but also
opening the by-pass valve and allowing the water from the pump
to return to the tank. Such devices are used with the Serpollet
and White flash generator systems.



CHAPTER TWELVE.

SMALL SHELL AND FLUE BOILERS FOR STEAM CARRIAGES.

Small Shell Boilers for Carriages.—Many of the best known
makes of American steam carriage have vertical fire-tube shell
boilers, usually placed beneath the seat. All such boilers are of
small dimensions, frequently little over one foot in either diam-
eter or height, with a consequently small water capacity. But
they have a very extensive heating surface, owing to the inser-
tion of a large number of fire flues, and, according to many show-
ings, seem capable of generating a power pressure far in excess
of the usual rule of proportions for surface. The shells of such
small boilers are usually of steel, sheet-riveted or cold drawn |,
piping, with a thickness ranging between three-sixteenths inch
(as given for the Marlboro and Victor steam carriages) and five-
sixteenths inch (as given for the Foster steam wagon). Such
boilers admit a working pressure of between 150 and 180 pounds
to the square inch, with blow-off pressure between 225 and 320
pounds, several of them claiming to have withstood tests of more
than three times their blow-off pressure. The flues of such small
boilers, which are generally of copper, about one-half inch in
diameter and 16 B. W. G,, or .065 inch thick, are expanded into
the tube plates at either end, the joints being secured as strongly
as possible.

Heating Surface of Small Boilers.—The immense heating
surface afforded by using a large number of such flues in a boiler
of moderate dimensions may be illustrated by the following
figures:

In the ordinary two and four-seat carriages made by the Lo-
comobile Company of America a boiler is used whose dimensions
are 14 x 14 inches, with 298 half-inch copper tubes.

Computing for the area of a circle of 14-inch diameter we
find it to represent 153.04 square inches, which gives 307.88
square inches as the surface of both tube plates.

Computing for the cylindrical surface of the shell, we find the

166
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circumference to be the product of 14 (diameter) and 3.14159
(ratio between circumference and diameter of a circle), giving
43.9822 inches as the circumferential measure, which, multiplied
by 14 (length of shell), gives 615.7506 square inches, or a total
surface for the boiler shell of 923.63 square inches, or 6.39 square
feet.

With the flue-tubes we may calculate in similar fashion. Thus
the inside diameter of each tube is approximately one-half inch,
exactly .437 inch. To find the inside circumference, we multiply
.437 by 3.14159, which gives us, in full, 1.37287483. Multiplying
this by 14, to find the area of each tube, we have 19.22024762

Fie. 144.—Copper 8hell and Flue Boiler, with flange connections for the tube plates, as
used on the " Locomobile™ and other American stecam carri . The shell is
strengthened by winding several layers of steel piano wire around the length of the
boiler. This cut gives a section on the centre, showing one row of flues.

square inches, which multiplied by 298 (total number of tubes)
gives us 5728.633 square inches, or 39.782 square feet, as the
heating surface represented by the flues, over six and one-half
times the total outside surface of the boiler shell. If to this figure
we add 307.88 square inches, or 2.13 square feet, the surface area
of the two tube plates, we have 41.91 square feet, as the total heat-
ing surface of the boiler.

According to the rule given above, a boiler of'such dimensions
should be able to drive an engine of about three-horse power.
But it has been claimed that this make of boiler has developed
over four-horse power, which fact is probably due to rapid steam
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generation under fire from a powerful burner, and also the effi-
ciency of the engine used. Similarly excellent results have been
achieved with other makes of fire flue vehicle boilers, a fact which
:mply justifies the course followed by most American carriage
l.uilders, of adopting a steam generator of familiar pattern and in-
creasing its efficiency along concurrent lines, instead of spending
t:me and energy in the effort to produce an instrument, which
should cmbody the requirements of perfection.

Fia. 145.—8mall Carriage Boller made from a seamless steel pressing, the lower tui)'e
Elé:tve being flanged over and riveted In, as indicated at the base of the figure, this
ing the only seam in the structure.

The Flues of Small Boilers.— Several carriage builders still
cling to the practice of using steel tubes in their boilers, thinking
by this means to supply an additional assurance against explo-
sion. The custom is growing, however, of using cold drawn cop-
per tubes for this purpose, and experience seems to warrant the
statement that boilers containing them are quite as durable as
those constructed of steel throughout. Copper is superior to steel
in boiler construction from the fact that it has a much higher
thermal conductivity, involving considerably smaller loss of heat
in proportion to its exposed surface; also from the fact that it
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more easily resists the chemical action of impure water, in point
of preventing both corrosion and the deposit of incrustations,
and is less liable to oxidation from the action of heat. On the
other hand, it is inferior to steel in the fact that its tensile strength
is greatly reduced under increasing temperatures. As quoted
by several boiler authorities, its diminution of strength increases
from .0026 as compared to steel at 270 degrees, Fahrenheit, to
.2133 at 460 degrees, .2558 at 532 degrees and .3425 at 660 de-
grees, Well-made copper tubes, however, can readily withstand

F1a. 146.—Bottom View of a I'ype of Boiler shown in Fig. 145, exhibiting the method of
riveting in the lower tube plate.

a constant working pressure of between 150 and 180 pounds to
the square inch, which figures represent the average used in
small vehicle boilers. These advantages in copper, both pure
and in alloy, led long since to the use of brass tubes in some lo-
comotive and other large boilers, with the best results. For this
purpose brass proved far superior to iron, or steel, in resisting
the abrading action of small particles of coke or coal drawn
through the draught; in having a greater power of springing
under increased expansion, and of being less liable to break.
On the other hand, if we may deduce a principle from practical
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experience on this point, the inferior strength of copper tubes
for boilers is a positive advantage, for, since they are more liable
to collapse under stress of over-heat and expansion, the effect
may be similar to that found in water-tube boilers under similar
conditions—the bursting of one or two tubes instead of a disas-
trous rending of the outer shell. This seems to be the experience
in some cases. A prominent steam carriage concern says of its
tubular boiler: “If the boiler should accidentally be allowed to
run dry and become overheated, all that has ever been known to

F10. 147.—Another type of 8mall Carriage Boiler, showing both tube plates inflanged and
riveted to a seamless steel tube.

happen is that the tubes collapsed at the ends and the boiler
leaked. The water and steam escaping gradually reduce the
pressure until none is left—the result of which is that the tubes
(a number of them) are ruined and must be replaced.”

On the matter of metal and metal combinations suitable for
use in boilers, the following is quoted from an excellent article
on the subject:
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‘“The question of the strength of materials for boilers was
elaborately tested some years ago by the Franklin Institute, It
was then found that the tenacity of boiler plate increased with
the temperature up to 550 deg. Fahr., at about which point the
tenacity began to diminish as the temperature rose. At 32 deg.
Fahr. the cohesive force of a square inch section was 56,000 lbs.;
at 570 deg. it was 66,500 lbs.; at 720 deg. it was 55,000 lbs.; at
1,050 deg. 32,000 lbs.; at 1,240 deg. 22,000, and at 1,317 deg.
9,000 lbs. Copper follows a different law and appears to be
diminished in strength for any increase in temperature. At
32 deg. Fahr. the cohesion of copper was found to be 32,800 1bs.
per square inch section, and exceeds this cohesive force at any
higher temperature, the indications being that the square of the
diminishing strength keeps pace with the cube of the increased
temperature. Strips of iron cut in the direction of fiber were
found to be 6 per cent. stronger than when cut across the grain.
Welding was found to increase the tenacity of the iron, but weld-
ing together different kinds of iron was not found to be favor-
able. Overheating was found to reduce the ultimate strength of
plates from 65,000 to 45,000 lbs. per given section, and riveting
of plates was found to diminish the strength one-third.”

Steam Feeding Apparatus.—In general, one of the gravest
difficulties experienced in small boilers with a large number of
fire flues and consequently small clearance, or water space be-
tween them, is the danger of priming. This danger assumes
graver proportions when we consider the small cubic content of
the cylinders, which would speedily operate to disable the engine,
were it not that some means were adopted to insure the delivery
of perfectly dry steam. This end is achieved by some boiler-mak-
ers by the use of a baflle plate, a metal sheet of slightly smaller di-
ameter than the boiler, which is fixed above the water level and
somewhat below the upper tube plate, so that the small clearance
all around will permit the steam to rise and emerge through the
steam pipe fixed in the upper plate, while at the same time
effectually confining the water circulation to the space below it.
Such a device is particularly efficient when used in connection
with a separator, or pipe of large diameter running across the
diameter of the top plate, connection being made with the steam
space at the centre of the plate and, with the feed pipe to the en-
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gine, by another pipe contained within the separator and having
a number of small holes drilled in its length. In this contrivance
an extra precaution is found against the escape of unvaporized
water. Any form of separator may be utilized for this purpose.
A device of somewhat similar description is used in the Stanley
carriage boilers as an “internal dry pipe,” being inserted in the
length of the boiler, closed at the lower end and having the en-
trance very little bclow the top tube plate. The stcam feed pipe,
also closed up at the bottom and having a large number of small
holes in its length, is enclosed within the first pipe and emerges
near the top of the shell. Other manufacturers claim that the

Fia. 148.—The Boiler used on the ** Victor  Carriage, Top View, showing asbestos packing,

steam and water connections, and method of riveting on the tube plates.
end of securing dry steam feed is insured by maintaining the
water level at a point about midway in the water chamber, thus
allowing space for extra expansion, but it is probable that the ma-
jority also employ either the baffle plate, the internal dry tube, or
some contrivances of their own to add extra assurance of the re-
sult,

Data on Some Carriage Boilers.—As many American auto-
mobile manufacturers use vertical tubular boilers for steam gen-
eration, it is necessary to a good idea of the situation to give data
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regarding only a few selected types.”. The boiler used in the car-
riages of the Stanley Manufacturing Co., of Boston, Mass., is
made of fire box steel plate, 5-32 inches thick, 14 inches in diam-
eter by 13 inches in height. The longitudinal joint is quadruple-
riveted, double butt-strap joint; the upper tube plate is flanged
out and inserted ; the lower plate is riveted to a lateral flange on
the end of the cylindrical shell. There are 295 fire tubes of about
one-half inch diameter, and the dry steam tube previously men-
tioned, giving a total heating surface of about forty square feet,
and a nominal rating of about four-horse power, All connec-

FiG. 149.--The Boiler used on the ** Victor ” Carriage, Bottom View, showing blow-off and
steatn superheating tube. In this boiler the steam connection is through a tube,
about 3¢ inch below the ul)p«-r tube plate, which passes down through the lower tube
plate and is carried over the burner, as shown. The steam pipe then passes up through
the lagging around the boiler and connects with the engine from the top.

tions are made in the length of the shell, and include a pop
safety valve, check valve for water, stcam and water level gauges,
the whole being covered in with a jacket of magnesia plastic
composition sheathed with aluminum. The total weight is
about 110 pounds. The feed water is pumped through a coil of
pipe within the burner space, ensuring a temperature of at
least 100 degrees under working conditions before entering the
boiler.

The Stanlev boiler, worthy of mention o1l account of several
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excellent features, is a good type of one theory of boiler construc-
tion as applied by manufacturers of steam carriages, that of con-
structing the shell of sheet metal, bent into shape and riveted.
Another theory which is embodied in several well-known makes
of carriage is that of using a seamless cold drawn tube as the
basis of the cylindrical shell. This construction is found in the
Locomobile, whose boiler has been described above, and in the

Fia. 150.—Bottom View of the *“ Reading ** Carriage Boller, showing the arrangement of
the flues in the crown sheet ; also, method of riveting on the head, non-conducting
boiler lagging, and attachment of boiler to two angle iron supports running in the
width of the carriage. The liquid gasoline is fed from the stol tank through a
tube passing to the top of the boiler, thence down through one of the flue tubes, mci‘
in the loop, here shown, over the burner flame, into the regulator and distributor.
is the automatic fuel regulator ; El the preliminary vaporizing coil ; C and D, valves
controlling the feed ; A, the fusible plug. The operation of the fuel feed will be ex-
plained in the chapter on burners.

light carriages of the Milwaukee Automobile Co., the Steam
Vehicle Co. of America, and several others. The result is said
to be greater strength than can be secured in rivet construction ;
there being no seams to break under strain and no joints to be
weakened by the action of heat. The Locomobile boiler is inter-
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esting from another feature, which admits not only of the use
of lighter plates, but also of a copper shell, a cold drawn copper
tube of 16 B. & S. wire gauge, or about one-twentieth inch thick-
ness. Around this shell, to afford the proper degree of tension,
are wound two layers of steel piano wire. The ends of the tube
are flanged outwardly, the tube plates being laid flat upon them
and riveted into place with a steel strengthening ring on the
inner side to take the heads of the rivets. This construction may
be understood by reference to the sectional drawing of this car-
riage.

Fio. 151.—A Lane Steam Surrey. Several mechanical details used on this carriage will
be described later.

The following figures represent the dimensions of a few other
well-known makes of carriage boilers:

Milwaukee.—Length, 14 inches; diameter, 16} inches; num-
ber of tubes, 350; diameter of cach, § inch; heating surface, 50
square feet ; working pressure, 150 pounds.

Kidder—Length, 18 inches; diameter, 16 inches; number of
tubes, 326; diameter, § inch; heating surface, 56 square feet.

Victor Steam Carriage.—Height, 13 inches; diameter, 16
inches; number of tubes, 425; diameter, } inch; heating surface,
54 square feet ; working pressure, 180 pounds.

Foster Steam Wagon.—Water content of boiler, 6} gallons;
number of tubes, 200; diameter, } inch; working pressure, 180
pounds,



CHAPTER THIRTEEN.

OF WATER-TUBE BOILERS, AND THEIR USE IN STEAM
CARRIAGES.

Of Tubular Boilers in General.—The recent immense popu-
larity of motor vehicles has occasioned a corresponding activity
in the production of all kinds of improved devices and appliances
—in no respect more than in the domain of steam generators.
-While, as has been stated, most American steam carriages carry
_cylindrical flue boilers, which have been brought to a high de-
gree of perfection and steaming capacity, a number of manufac-
turers have adopted some form of water-tube or flash boilers,
with equally good results. One reason, perhaps, for this innova-
tion lies in the fact that water-tube boilers are supposed to be
more secure from disastrous explosions, and another, that their
evaporating capacity, per square foot of heating surface, is rated
higher. As a matter of fact, however, neither consideration
maintains fully ; since the common pattern of carriage flue-boiler,
with its multitudinous tubes and small water space, differs from
the best water tube boiler of the same size only in constructional
details. It is inferior to it only in the small point that the tube
layers of a water-tube boiler may be staggered, and thus enabled
to intercept a much larger proportion of heat than could be ab-
sorbed in a straight flue. As regards the matter of immunity
from explosion, the use of copper flues, as we have seen secures
this result for the shell boiler quite as effectively as for the other
variety.

Directing the Circulation.—There is a point, however, in
which the interest of inventors in tubular boilers may be fully
understood, which is that by suitable arrangement of the tubes
the circulation of the heated water may be controlled to the most
rapid generation of steam. Hence it is that, in overlooking the
files of the patent office and of the current motor vehicle press,
we find so large a variety of seemingly fantastic combinations
of bent tubing, each of which is proposed by its inventor as the
newest and highest achievement in steam gencrators. The rea-
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son for this seeming waste of energy and ingenuity is that the
problem of how best to control the circulation, to the ends of
quick steaming and higher durability, through more uniform
distribution of heat, has by no means been finally solved. This
means that, although very many varieties of tubular boiler pos-
sess high efficiency as generators of steam, none of them attain
such great power for absorbing heat but what there is still room
for efforts to discover some means of neutralizing waste in this
particular In a generator built like an ordinary kettle, without
flues or screens to control circulation, the rising and falling cur-
rents interfere with one another, with the result that the distribu-
tion of heat is not regular, and “boiling-over,” or “foaming.” is

Fia. 152, —A large Water-tube Boiler, showing the general construction ; a nest of water
tubes in communication at both ends with a steam drum at the top.

liable to result Such an effect in a steam engine boiler would
mean that water is fed to the cylinders, along with the steam
necessary to produce motion; which is to say, spray would be
mingled with the dry vapor, to the speedy detriment of efficiency.
Since it is most desirable that the steam should be dry,the neces-
sity of mechanically controlling circulation is obvious.

Advantages of Controlling Circulation.—Furthermore, by
suitable arrangements for directing the rising and falling cur-
rents, so that interference is obviated, another very desirable end
is attained—chemical impurities, held in solution by the water,
and precipitated, so as to form scale deposits, when it is evapo-
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rated, are prevented from locating and hardening; being received
into mud drums suitably arranged at the lowest point of the
water chamber, where they can be conveniently removed. Ac-
cording to statistics furnished by various authorities these scale
deposits, consisting mostly of lime and other non-conducting
substances, interfere with the heat-conducing properties of the
metal to an enormous extent: A deposit of 1-16 inch involving
a loss of 13 per cent. of the fuel; a deposit of § inch, a loss of 25
per cent.; a deposit of } inch, a loss of 38 per cent.; a deposit of
4 inch, a loss of 60 per cent. The result of allowing such in-
crustations to increase will be inevitably that the metal surface
exposed to the fire is burned out and the boiler ruined.

Fia. 158.—A * Toledo " Runabout. One of the well-known makes of American steam car-
riago using a water-tube boiler.

Advantages of Sectional Construction.—Another very desir-
able quality found in water-tube boilers—it holds, in fact, for
most of the efficient boilers used in motor carriages—is that the
sectional construction, involving a distribution of pressure
through a large series of small areas, is an excellent means of
preventing disastrous explosions, such as must result when most
of the pressure is centered on an extensive area like the shell of a
large cylindrical boiler. This large shell can undoubtedly stand
a much higher pressure before yielding, but this fact involves a
terrific catastrophe when once that breaking point is reached. A
smaller and lighter tube may be rent by a comparatively slight
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pressure, but its rupture means only a local explosion of small
extent and power for harm.

General Advantages of Water-Tube Boilers.—To sum up
the advantages of water-tube boilers, we find that the plan of
breaking up the generator into a train of tubes, suitable for con-
trolling the circulation, increasing the heating surface, and en-
abling proper separatnon of both steam and sediment from the
liquid water, both increases the efficiency and decreases the dan-
ger. Since both these considerations are of the utmost impor-
tance in motor carriages, which are most often handled by per-
sons unskilled in mechanical science, it is obvious that the water-

Fio. 154. Fia. 185
F1a. 154.—Diagram of Circulation in a S8tcam Boiler, showing the general directions to be
controlled by tubular trains in water tuge lfe
F1a. 165.—The Galloway Tubes of the Luncashire Boiler. These tubes, ‘Which are set atross
the large smoke flues, illustrate one of the earlier devices for controlli.ng circulation. .

tube bonler, or, at least, some type embodying a majority of its
features, is most desirable. The following quotation from a pa-
per, read before the Society of Naval Architects and Marine En-
gineers, by Capt. George W. Melville; U. S. N, shows the situa-
tion on the subject in the minds of competent engineers. He
says:

“The fact that water-tube boilers raise steam quickly is of
the greatest advantage. 1 have stated elsewhere that I con-
sider the battle of Santiago to have developed the necessity
of the use of water-tube boilers, whether it taught us anything
else or not. It would have been of the greatest advantage to
have had during the blockade of Santiago boilers capable of
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raising steam in less than half an hour. Coal need not have
been used to keep all the boilers under steam all the time.
The Massachusetts might have shared in the glories of the
fight if she had been fitted with water-tube boilers. The In-
diana would have kept up with the Oregon and the Texas.
The New York would have developed at least three knots more
speed and the navy would have been spared a controversy.
I think the Colon would not have gotten as far away as she
did. But we did not have the water-tube boilers.”

The «Pros” and «Cons"-of Water-Tube Boilers.—An Eng-
lish authority on boilers, Edwin Griffith, in a paper read before
the Northeast Coast Institution of Engineers and Shipbuilders,
states the following advantages and disadvantages involved in the
use of water-tube boilers. Under the head of advantages, he
enumerates: (1) reduced weight; (2) quicker steam generation;
(3) small dimensions of the parts subjected to pressure; (4) small
amount of contained water, rendering explosion less serious; (5)
ability to endure sudden changes of temperature. Under the
head of disadvantages, he enumerates: (1) the necessity of regu-
lar and constant feeding of water; (2) the difficulty of access to
the interior of tubes to remove deposits; (3) the impossibility of
plugging a leak without putting a boiler out of service; (4) the
fact that the average water-tube boiler will not stand neglect and
rough usage as well as the fire flue variety. The last considera-
tion applies particularly to boilers intended for use in motor car-
riages, which should be particularly designed to withstand neg-
lect and handling by unskilled engineers. Mr. Griffith also men-
tions as possible and general objections the facts that (1) the
comparatively small area of water and steam surfaces often in-
volves a greater liability to prime than is found in flue boilers.
with the result that some simple form of separator should always
be used; (2) the necessity of insulating the fire space, so as to
offset the radiation of heat and prevent setting fire to surround-
ing objects; (3) the combustion space is frequently too small for
the expected generation of power; (4) the constant danger of
burning out the tubes nearest the fire when a tortuous circuit
for the burned gases is provided.

The causes of corrosion he sums under five heads: (1) the ad-
mission of oil into the feed water; (2) solid matter in the feed
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water, liable to be precipitated and form deposits; (3) air in the
feed water, liable to cause oxidation of the heating surfaces; (4)
carbonic acid in the feed water, liable to produce unfavorable
chemical action, and to be neutralized by the use of caustic soda;
(5)galvanic action, causing corrosion, due to want of uniformity,
almost always found in the materials composing the various
parts.

F1a. 156.—Omne form of the De Dion 'I‘ubular Bollcr It Louslst.a of an outside annular
chamber, forming a waterleg and c« d by lined tubes to the inner
steam and water chamber. A partition across this Inner chamber secures dry steam
for the engine. Steam connections at the top.

Advantages of Water-Tube Boilers.—With the water-tube
boiler, on the other hand, the fact that the full force of the steam
pressure cannot bear on any one extended surface involves that
in the event of overheating or sinking of the water level, only one

N
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or two of the tubes will burst with no very serious consequences.
Wellington P. Kidder, a boiler expert, enumerates the following
ten points of structural advantage in a well-made -water-tube
boiler, adapted for road wagons: *

(1) The water should not be expelled by heat from the tubes
nearest the fire; (2) foaming and priming are no more likely than
in shell boilers; (3) there need be no joints near the fire; (4)
there may be but few parts, easily and cheaply assembled; (5)
the weight is about two-thirds that of a shell boiler of equal ca-
pacity; (6) being in sections, it may be easily taken apart for
cleaning or repairs; (7) an easily removable casing will deflect
downward any escape of steam or water, due to breakage of
tubes; (8) a matural and rapid circulation through all tubes in-
sured; (9) ample provision for insuring dry steam for the cylin-
ders; (10) the ready possibility of blowing steam through the
tubes for removing incrustations, also, between them, for remov-
ing soot. In a compliance with such conditions in construction
he finds the following eight points of superiority : (1) All danger
minimized ; (2) steam quickly generated; (3) weight minimized;
(4) superior absorption of heat by inclined tubes; (5) more heat-
ing surface found on exterior of tubes; (6) less opportunity for

_dust accumulation ; (7) higher working pressure of steam practi-
cable; (8) better elastic provision for expansion. He confesses,
however, that most of the really practical water-tube boilers for
vehicles present some one or all of the following three disad-
vantages: (1) Too much butk and complication; (2) liability to
foaming and priming; (3) danger of expulsion of water from the
tubes nearest the fire by overheating. The last-named fault, if
not the others also, is to a large extent offset in the De Dion,
Weidnecht and Clarkson-Capel water-tube generators by the
lower chamber or water-jacket; and, in the Lifu generator by the
trunk tube and water arch features. The Lifu generator is nearly
the most elaborate attempt yet made to mechanically control the
water circulation. In the ideal water-tube boiler, however, the
tubes would run across the draught through a portion of their
length, at least, thus making possible a greater absorption of heat,
through the breaking of the air currents. This result is im-

* “Horseless Age.” Dec. 6. 1899.
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mensely increased when the successive rows of tubes are stag-
gered, so as to still further divide up the draught currents.

The Field Finger-Tube Boiler.—A type of water-tube boiler.
which has given good service in several steam carriages, notably
the Thomson-Ransome coach, built about 1870, and the Valee
coach, built about 1880, is of the ordinary fire-engine upright
pattern, with a central smoke flue controlled by the form of
baffle damper, for regulating the heat currents, shown in the

Fia. 157, Fra. 188.
Fias. 157-158.—Ficld Water-tube Boiler and one of the Field Tubes, showing inner tube

and method of controlling circulation. A number of such tubes are hung over the
fire box of the boiler, as shown.

accompanying figure. Instead of fire tubes or coils, it has the
bottom crown plate fitted with a number of suspended “finger
tubes,” through which, on account of the peculiar shape of the
movable baffle damper, the heated gases are forced to circulate.
Each of these tubes, which is closed and rounded off at the bot-
tom end, like a chemist’s test tube, is inserted and expanded in
an aperture in the crown sheet. In this inner open end, as shown,
is inserted a second smaller tube, which, in turn, depends from
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a perforated globe, or a suitable collar, the three elements being
firmly attached. In the style of Field tube shown in the figure,
the perforated globe carries a tapering ferrule that is driven into
the end of the outwardly hanging finger tube, thus further secur-
ing the joint.

The operation is to be understood readily: The water in the
lowest level of the finger tubes is directly affected by the heat
of the furnace, and rises along the sides; the descending strata,
working down to take the place left by the rising mass, moves
through the orifice at the top of the globe and down the central
tube. The circulation is thus perfectly guided and, all interference
of the rising and falling currents being prevented, the greatest
possible percentage of heat is utilized. In spite of the high effi-
ciency of Field tube boilers, they have been almost entirely sup-
planted in the domain of motor vehicles by other types less diffi-
cult to construct and maintain.

F16. 159.—The Sterling Water-tube Boiler.

The Sterling Light Carriage Boiler—From among the tu-
bular boilers that are, or have been, in actual use on motor
vehicles a few have been chosen for brief description, on account
of some original or excellent features. The Sterling tubular
boiler is one of the most typical of its kind, and very well illus-
trates the essential features of water-tube boilers as used for all
purposes. It consists of two heads, a longer and a shorter one,
as shown, each of which is formed of two plates of boiler iron,
flanged and bolted together, so as to leave a shallow chamber
between each two plates. The heads, thus formed, are connected
together by three tiers of water tubes: The lowest tier, a num-
ber of rows of small steel tubes, tilted upward from the water
intake at the base of the longer tube plate, and staggered, as
shown, so as to absorb as much heat as possible, and control the
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circulation of the contained water; the middle tier, consisting of
three tubes of large diameter fixed just above the water level, so
as to form suitable steam drums; the upper tier, consisting of
three rows of tubes simildr in diameter to the lowestrows,and also
staggered, run parallel to the steam drums, and serve as a super-
heater for the steam. The steam out-take is situated, as shown,
at one end of the superheater tubes. The manufacturers of this
generator claim a very high efficiency in steam generation, and
allege that the heads will withstand a pressure of 60,000 pounds
per square inch, and the tubes, all formed of seamless cold-drawn
steel tubing, a constant pressure of 400 pounds. They claim,
also, that, with an efficient burner, 20 pounds, gauge, of steam

Fio. 160.—The Geneva Carriage Boiler. This boiler consists of several coils of tubing
connected at inner and outer extremities to headers, as shown. The water and steam
chamber above is constructed like an ordinary flue boller.

can be generated in two minutes, and 140 pounds in five min-
utes. The head plates may be removed, without taking the boiler
from the carriage, and the entire system of tubes thoroughly
cleaned, which feature greatly adds to the convenience of the
boiler.

The Geneva Tubular Boiler.—Several other manufacturers of
steam carriages have adopted boilers similar in general features
to the Sterling, but experience seems to prove that those who do
not use the familiar flue boiler have some form of multiple coil
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generator, such as are about to be described. Two of the best
designed among the coil boilers are the Geneva and the Toledo,
named respectively as the carriages they propel. The Geneva
boiler has the general characteristics of water-tube boilers, but
has been well described as a “combination of tube and flue boil-
ers.” It consists of six somewhat conical superposed coils of
¢ inch seamless cold-drawn steel tubing, each 17 feet total length,
which are pinned and Lrazed to a header, or manifold tube, both
at the centre of the coils and at the outside extremity. These two
“headers” serve the same ends as do the head plates of the gen-
erator just described; being simply common chambers in which
the water may pass from one coil to another, as impelled by the
tendency of circulation. Thus the tendency within the inner
header is from the lower to the higher coils and within the outer,
the reverse. By this means the circulation is directed into its
natural channels, and, at the same time, the water within the
coils is exposed to the greatest possible area of heat. The heat is
also largely economized, as in most tubular generators, by stag-
gering the rows of tubes, thus repeatedly deflecting and break-
ing up the current of burning gas, as it moves upward to the
vent. The water intake is at the base of the outer header tube,
and the feed water, as it enters, is urged into the coils by the
pressure of the circulating liquid; its temperature being imme-
diately raised by contact with the heated tubes. Both headers
are secured by bolts to the drum above the tiers of coils, as
shown, and open into it by ports that permit the steam to be
given off, and any water escaping to follow the general direction
of circulation. This drum is, in fact, a flue shell boiler, being
pierced by 16 flues of 1} inch diameter, which enable the super-
heating of the steam, as the products of combustion pass through
them.

The generator thus formed shows a very high efficiency in
steaming and a practically complete immunity from explosion.
Actual experiments, it is stated, have shown that, in the event of
the water supply being exhausted, the engine will merely stop,
and no disastrous consequences will follow. The tubes then being
heated in the flame of the burner, which is controlled by a dia-
phragm regulator, such as will be later described, steam evapora-
tion hegins again as soon as the water is injected, the action then
being, in fact, somewhat on the order of the “flash” generators.
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Although not intended to act as a flash boiler, it is probable that
the coil design would need but little alteration to enable it to do
so. Furthermore, the crown sheet of the steam chamber above
the coils is so far removed from the fire that the flues cannot
be injured or burned out, even if the water is carelessly allowed
to become entirely evaporated. The chamber adds capacity for
steam generation, and keeps the steam supply at a point quite in-
dependent of the rate of water supply, which is of itself a valuable
item in a motor carriage boiler, where the demand is usually very

Fia. 161, Fia. 162,

Fies. 161-162.—Outside and Sectional Elevation of the Morgan Boiler used on the Toledo
Carriage. The disposition of the coils may be understood from thesec cuts, also the
steam connections through the superheating coil. The sectional view shows the
steam superheating and onc of the generating coils in position, with connections indi-
cated for other coils. As shown, the steam enters a vertical tube somewhat below
the top of the steam space ; thence flowing downward, through one of the coils above
the fire and out to the engine through the feed pipe.

uneven. It is also a desirable feature not possessed by the gen-
eral run of water-tube boilers.

The Geneva boiler is 8 inches high, measured from the base to
the apex of the coned coils, and the water chamber measures 9
inches from the crown plate, giving a total height of 17 inches.
It is also 17 inches in diameter. The engine which it supplies is
rated at 6 horse-power, gross, which represents an excellent av-
erage of output for its 29 1-3 square feet of heating surface being,
in fact, 1 horse-power at the boiler for each 5 square feet.
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The Toledo Water-Tube Boiler.—The Toledo boiler, al-
though differing considerably in some particulars, is constructed
on the same general principles as the Geneva. It consists of an
annular water and steam chamber, formed by bolting together
two seamless steel shells, suitably shaped as shown, within which
eight slightly coned coils of § inch steel tubing are attached at
top and bottom. The outer connection of each of these coils is
near the bottom of the annular space, instead of in a header of
any description and the centre connection is near the top of the
chamber. The attachments of all the coils, both at the top and
at the bottom, being on horizontal planes, perfect circulation is
made possible from the lowest point of heat contact upward.
Because of the excellent character of these circulation guides,
dry steam is fed to the engine, without danger of priming, the
annular steam space serving as a centrifugal separator. The
dimensions are 19 by 19 inches, but 1} inches of asbestos pack-
ing gives a total breadth of 22 inches. A heating surface of 38
square feet is reckoned, on which is claimed 1 horse-power for
every 5 feet, giving a total of 73 horse-power at the boiler.

Since the two seamless shells, forming the annular water and
steam space, are bolted together—no rivets are used—they may
be readily taken apart for necessary repairs or cleaning. The
coils, also, being connected to the shells by joints of special pat-
tern, may be removed with ease.

The Rider Tube Plug Boiler.—The Rider boiler is, perhaps,
one of the most radical departures in water-tube generators, de-
vised to meet the requirements of motor carriages for a light,
compact and quick-steaming apparatus. It consists, briefly, as
shown, of a cylindrical shell, constructed without flues. The
lower crown plate contains a number of threaded perforations,
into which the tube plugs may be inserted. Each of these plugs,
made of brass or steel, as desired, are fitted with nine tubes bent
U-shaped, and expanded into holes drilled in the plug. The outer
arm of each tube is then countersunk to receive an extra length
of slightly smaller diameter, which, being inserted, gives each
one the shape of the letter J.

The plugs, thus formed, are inserted in the perforations of the
lower crown plate, and screwed home with an ordinary wrench.
Any plug may be detached without removing the boiler. -
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The action of the Rider tubes is very analogous to that of the
ordinary Field tube boilers already described. The water circu-
lation, under heat impulse, is downward, at the centre of the tube
clusters, and upward, through the outer legs. Since, however,
these elongated outer legs are designed to reach above the water
level, the resistance experienced even with Field tubes is ob-
viated, and strong jets are thrown upward to a baffle plate placed
immediately above them, the water falling thence to the surface

Fia. 163 —The Rider Tube Plug Water-tuoe Boiler, showing one tube plug nnd the assem-
bled boiler.

after giving off its steam. The upper crown plate is merely
bolted into place, which arrangement permits it to be re-
moved, when desired. The entire structure, water chamber and
tubes, is inserted in a suitable external shell, which forms a
generator 14 by 14 inches, developing 5 horse-power, gross, at
the boiler. Any form of burner may be used, and the greatest
possible percentage of heat may be utilized, since the products of
combustion are led around the outside of the shell to the vent.
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One of the foremost advantages claimed, next to quick and
ready steaming qualities, is that the rapid circulation of water
positively prevents the deposit of scale in the tubes. Further-
more, the construction being reduced to such exceedingly
minute sections, the danger of explosion is made so remote as
to be practically impossible. It is also asserted that the boiler
cannot burn out, in case the water supply is exhausted.

=5

Fia. 164.—The Thornycroft Steam Wagon Boiler.

The Thornycroft Heavy Vehicle Boiler.—The boilers just
described, with the possible exception of the last, are manufac-
tured exclusively for light steam carriage use. But such a
treatise as the present one would be incomplete without some
notice of the numerous types, called into being in response to
the demand for generators adapted to the needs of heavy trucks,
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lorries and coaches. The achievements of engineers, in the early
days of the Nineteenth Century, in producing generators capable
of operating their somewhat unwieldly coaches, has been more
than outdone in the present day. Perhaps among these heavy-
vehicle generators none have proved more efficient than the
Thornycroft, whose details are shown in several accompanying
diagrams. Briefly, it consists of two annular chambers, one
above, one below, connected together by 168 slightly inclined
tubes, set four deep in the tube plates and staggered, as shown.
Both tube plates are steel pressings, and the upper and lower
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F16. 165.—Top View of the Annular Pressing, forming the upper or steam chamber and
up?rr tul;b; plate of the Thornycroft boiler. The arrangement of the tubes is shown
well in this cut.

chambers are built up on them by ring-shaped sections, suitably
riveted. But the top and bottom plates of the boiler are bolted
on, as shown, so as to admit of their ready removal for cleaning
or repairs. Fuel, usually coke, is fed to the fire through the
aperture in the top of the boiler, and, since the grate is situated
at a point about the bottom of the cut, the fire is confined below
the water tubes, touching no part of the gencrator except the in-
wardly-sloping sides of the lower drum. Access to the fire, for
the removal of clinkers, may be had through the door shown in
the lower drum at about the level of the grate.
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The entire structure is sheathed by a suitable casing, which
confines the gases of combustion, preventing their escape at all
points, except the chimney, which is situated to one side. Here a
forced draught is maintained by exhaust steam, as in a railroad
locomotive, and the smoke and burned gases, having no other
vent, are compelled to pass out through the small spaces be-
tween the slanting tubes, thus giving off a very large percentage
oi their heat,

Fia. 166.—Plan View of the Upper Plate of the Lever of Water Chamber of the Thorny
cnl;g; Boiler. Comparison of this with previous cut gives an idea of the spread of the
tubes.

Steam is taken off through the vent shown at the left hand top
of the upper chamber, and is fed to the engine through a steam
dome. Later patterns of this boiler have also a superheating coil,
which carries the steam from the upper part of the chamber
to a point directly over the fire, and thence out through this
same vent. Water is fed to this boiler by a pump worked by a
worm gear on the crank shaft of the engine, or by an injector,
when the machinery is not in motion. Two safety valves are also
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provided ; one blowing off into the chimney, the other, situated
at the top of the steam chamber, into the air.

With a generator of this description, something over 3 feet in
height, 83 square feet of heating surface is obtained on about 2.4
square feet of grate area. Its usual working pressure is about 175
pounds per square inch, with test at 350 pounds, and sufficient
steam is developed to give 20 B. H. P. at 440 revolutions per
minute, which represents 1 horse-power at the boiler for each
4.15 square feet of heating surface. Such an average indicates a

highly efficient generator.

Fia. 167.

Fia. 167.—The Toward Water Tube Boiler.

Fie. 168.—Side Stays, as on the Water-leg of the Toward Boiler. The square marked
a a a a indicates the area of pressure which must be reinforced by each bolt.

The Toward Heavy Vehicle Boiler.—The Toward generator,
used in the steam wagons and tractors manufactured by Toward
& Co., of Newcastle, England, is another example of high-class
boiler making. As shown in the figure, its working parts con-
sist of a rectangular-profile water and steam chamber, extending
as a water-leg to the level of the grate. Just above the fire box,
the front and rear walls of the water chamber are connected by
a number of steel tubes—there are about go of them in the boil-
ers of this pattern—placed in slightly tilted rows and stag-
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gered. These are expanded into the tube plates in the usual
manner, and serve as circulation guides. The tilt is given by the
backward inclination of the entire structure, as shown. Imme-
diately above the water tubes is a cylindrical steam and water
drum, which consists of a length of steel tubing riveted around
at each end to annular flange pieces which serve to attach it to
the front and rear walls of the tube space, as shown. The
products of combustion pass through the spaces between the
lower rows of tubes, up and around the cylindrical steam cham-
ber, thence out through the chimney. Steam is taken off
through the cock shown at the summit of the boiler. A blow-off
cock is attached at the rear near the base.

Needed rigidity is given to this boiler by stay bolts running
from front to rear, also conecting the outer and inner walls of the
water space around the fire box. By removing these, the tubes
may be reached for cleaning or repairs.

With a generator of this description, measuring 2 feet 2 inches
across the fire box and tube space, and 3 feet high, a heating sur-
face of 40 square feet is realized ; with a height of 4 feet, a heat-
ing surface of 65 square feet. The latter style has a record of
evaporating about 600 pounds of water per hour at 190 pounds
pressure,

The De Dion Boiler. — Another excellent type of boiler for
heavy road wagons is that shown in Fig. 169. It consists of two
annular, or ring-shaped, cylindrical vessels, 4 and B, which are
connected together by a number of tubes, CC, slightly inclined,
‘as shown. These tubes, about 500 in number, greatly assist the
circulation of the water. The vessel, B, is divided at about the
middle of its length by the partition, D, which is efficient in
separating the steam chamber from the water and thus enabling
the delivery of super-heated dry steam into the cylinders. The
feed water, which is delivered to the boiler from a pump operated
by an eccentric gear on the crank shaft, passes through the coils,
E, being thus heated by the fire before reaching the boiler, and
the exhaust steam is passed through the coils, F, which serve to
super-heat it and largely prevent its delivery as visible vapor.
The top and bottom of each of the chambers, 4 and B, are flat
rings properly grooved to receive the ends of the inner and outer
casings, and secured in place by long bolts engaging suitablg
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nuts at top and bottom. While such a construction is probably
unreliable for high pressure boilers of large power, it is able to
withstand a working stress of 200 pounds in the steam gauge,
and the development of a large horse power in proportion to the
water capacity of the boiler.

For a steam omnibus driven by an engine capable of develop-
ing as high as twenty-four-horse power, such a boiler would have
a total heating surface of sixty square feet, a grate surface of
1.95 square feet and weigh 200 pounds. The fuel used for such a
service is coke, to be fed to the furnace through the centre of the

Fi6. 109 —Familiar Form of the De Dion Boiler. A is the outer annular chamber con-
ected to the inner annular chamber, B, by the inclined tubes, CC. A screen, DD,
rates the steam and water spaces. KE are tubes for re—hea,tmz the feed- wu.ter

F , for superheating the exhaust steam. Steam connections same as in Fig. 167.

annular vessel, B, which is closed by the cover, G. As will be
readily understood, the numerous connecting tubes, CC, serve the
double office of promoting the water circulation and increasing

the heating surface. The result is a very powerful and service-
able generator.

Other Heavy Vehicle Boilers. —There are several other
heavy vehicle boilers which seek to combine the features of
water-tube heating surface and improved circulation, among
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which may be mentioned the Clarkson & Capel and the Weid-
knecht. Both these boilers are built on the water-jacket vertical
design, shown in Fig. 123, except that the steam chamber over
the fire is very much higher up in order to provide réom for be-
tween fifty and eighty inclined tubes running between the two

Fia. 170.—The** Lifu ** Steam Boiler, showing arrangement and inclination of the tubes.
The central steam drum terminates in two legs at the bottom, which are connected
alt eitlhe: side to the annular mud-and-water druin at the base, thus completing the
clrculation.

sides of the water-jacket space, and across the draught. Above
these in the Weidknecht generator are also a number of vertical
smoke tubes, but in the Clarkson & Capel the space is occupied
by a single chimney flue. One of the most elaborate attempts to
utilize the water tubes to promote circulation is shown in the
“Lifu” boiler, which is used on the wagons of the Liquid Fuel
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Engineering Co., of England—the name of the boiler being de-
rived from the first syllables of the first two words. Most of the
general structural points may be understood from the figure,
which shows three principal parts; a circular trunk tube at the
base, from which a large number of curved tubes lead to the
steam drum shown above. In addition to these the trunk tube
is also connected to the bottom of the drum by a water connect-

Fia. 171.—Improved Rider Boiler. The same J-tubes are used in this generator as are
shown in a former figure, except that, instead of being inserted into plugs, as there
shown, they are ex anded even y into the crown sheet ; thus giving a much larger
heaunﬁ surface. The fecd water circulates through the coil surrounding the tube
area, thus insuring its pre-heating. Rapid steaming qualities and very high efficiency
are claimed for this type of generator, which can develop 6} horse-power on 16"x16"
dimensions, over all, and 5 horse-power on 14”x14" dimensions.

ing arch, both legs of which are cast in one piece with it at oppo-
site sides. This water arch makes the circulation complete along
natural lines. The water tubes are connected to the trunk tube
three deep and staggered. The connections are made by gun
metal union nuts, the same kind of joints being used in joining
to the copper steam drum. Each row of tubes, as shown, is
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given a spiral bend around nearly one-third of the circumference
of the drum, about nine inches from the base and in an opposite
direction to the next row, so that complete water circulation is en-
sured in every direction. The whole structure is enveloped in an
iron sheath and packed, and heat is supplied by the gas burner
described later.

The Ofeldt Tubular Boiler.—Among the interesting types of
tubular carriage boilers may be mentioned the Ofeldt generator,
shown in the accompanying figures. As may be seen, it con-
sists of an upright steam and water drum, having a somewhat

Fia. 172, Fia. 178.

F1a. 172.—Top view of the Ofeldt boiler, showing the feed-water coil surrounding the
generating coils : also attachments of generator coils.

Fia. 173.—8ide elevation, showing steam chamber, generator coils and burner.

enlarged head, which serves as a steam chamber. Around this
upright drum, and connected to it at top and bottom, are eighteen
spirally-twisted steel tubes, which are directly exposed to the
heat of the burner, and control the circulation of the water. The
construction of these steel tubes permits considerable expansion
in directions sidewise of the boiler; thus preventing the natural
lengthening of the tubes under the heat of the burner from dis-
turbing the connections at top and base. The burner of this-
boiler consists of a number of tubes, starting on radii from a
central mixing drum, like the steam and water drum already
described ; each one having pin-hole perforations at the top for
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the flame and being closed at the end. The vaporizing coil
passes over several of the burner tubes.

As shown in the first figure, the feed water pipe is coiled
around the entire generator, from top to base, thus ensuring a
thoroughly heated supply of water in the central drum. The
whole structure is sheathed in a sheet steel case.

According to the claims of the inventor, it is impossible to
burn out this boiler, owing to the durability of the material and
the security of the joints. He asserts that the water was ex-
hausted from one of these boilers twenty times in succes-
sion, leaving the tubes exposed to the fierce heat of the
burner until red hot. Water being then pumped in, no leaks
were discovered, and steam was generated as usual. If these
claims can be made good in practice, such a boiler should be use-
ful in steam carriages, where every possible provision must be
made against careless or incompetent handling.

Fia. 178A.—Elevation of the Ofeldt Tubular Boiler Encased in Sheathing, showing
control valves and position of the smoke vent.



CHAPTER FOURTEEN.

FLASH STEAM GENERATORS.

Serpollet’s Flash Boilers.—The first real impulse to the mod-
ern steam carriage was the invention by Léon Serpollet in 1889
of the famous “instantaneous gemerator,” known by his name.
It consisted of a coil of one and one-half inch lap-welded steel
tubing flattened until the bore was of “almost capillary width”—
this he later increased to about one-eighth inch—and this, sur-
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Fia. 174. Fia. 175.

F1a. 174.—Earliest Form of the Serpolict Flash Generator ; a coil of flattened steel tubing.

F1a. 176.—8econd Form of the Serpollet Flash Generator : a series of tubes. pressed as
sh(i)wu, bent U-shape and nested ; the extremities being connected by joints and bent
unions,

rounded by a cast-iron covering to protect the steel from corro-
sion by heat, was exposed to the fire. The result was an ex-
tremely rapid generation of steam, the coil being first heated,
and the water being vaporized almost as soon as it was injected
into the tube. Later, he improved the efficiency of his coil by
corrugating its surface. With such a generator of 108 square
inches of heating surface more than one boiler horse power could
be developed, the average hourly evaporation being forty pounds
of water. The usual working pressure was 300 pounds to the
200
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square inch, but each tube could bear a test of as high as 1,500
pounds. One great advantage lay in the fact that the high ve-
locity acquired by the steam and water in the narrow tube served
to keep the surface thoroughly free from sediment and incrusta-
tions. For vehicles requiring an additional generative power
two such coils were used, one above the other, the water being
injected into the lower and the upper one serving to superheat
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Fia. 176.—Later Form of the Serpollet Flash Generator, consisting of three layers of
tubing. The four lowest tiers shown form a coil into which the feed water is injected;
the second series of six tiers are arran ‘ zig-zag,"” like the nested tubes ahown
in Fiﬂg 175 5 the third, or topmost, series of four tiers are also arranged * zig-zag," but

attened and then twisted asshown.

the steam. To stop the engine it was necessary only to shut off

the water feed pump, with the result of stopping the generation

of steam at once.
In improved boilers of the Serpollet type a number of straight
tubes were united by bent joints and nested, the several layers

being -connected in series. Moreover, each tube length was flat-
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tened, so as to form a U-shape, or crescent, in its cross-section,
which arrangement greatly increased its evaporating capacity.
But the most efficient form was reached in the design shown in
Fig 176, which shows three superposed sections of tubing; the
lowest, four tiers of coil; the second, six tiers of *“zig-zag,” the
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F1a. 177.—Recent Form of the Serpollet Flash Generator. In this type the twisted tubes
are placed at the bottom and the * zig-zag ' nested tubes at the top. The reason
for this arrangement is that twisting the tubes affords a much larger heating sur-
face ; hence these tubes are directly exposed to the fire.

successive tiers being staggered, as shown; the third, several
tiers of flattened tube twisted to angles of about forty-five de-
grees. The water is fed to the lowest section, which is immedi-
ately exposed to the fire, being thence passed to the second,
whose available heating surface is of the greatest possible dimen-
sions, and finally delivered, as superheated steam, from the upper-
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most twisted coils. The several sections of tubing are connected
together in series by bends and unions outside the case, as shown,
and the entire generator is enclosed in a double sheet-iron casing
packed with asbestos. By the arrangement of the tubing, as here
shown, the full power of the heater, in both draught and radi-
ated heat, is utilized, as in the type of boiler shown in Fig. 123,
but the circulation of the water is perfectly under control and
rapid generation of steam assured. For a six-horse power boiler
of this type the outside dimensions, including heater space, are
about 23 x 1} feet, the total tube length, ninety-five feet, and the
heating surface, about twenty-five square feet; giving a gener-
ator of convenient size for a four-seat road carriage.

Ot Flash Generators in General.—Following along the lines
of Serpollet’s famous “flash” generator, with its numerous ad-
vantages in point of quick steam, high pressure capacity, free-
dom from scale deposits, and complete immunity from explo-
sion, several designers of steam carriages and wagons have pro-
duced improved “boilers” of similar description. Serpollet’s first
generator, as applied to his light steam carriage of 1889, was
merely a coil of flattened tubing. Later two such coils, con-
nected in series, formed his generator, and finally the compli-
cated trains of coils and bent tubing. In the latest generators
described the water is fed to the lowest tier of tubing, and the
steam is taken off at the top, as in the several types of coiled
water-tubed boilers, already described.

The contrary procedure is followed in most of the really suc-
cessful flash generators produced by other inventors. The Blax-
ton generator feeds from the lowest water coil, but the Simpson-
Bodman, White, Automobile Manufacturing Co., and others
feed from the top and superheat the steam in the lowest coils.
This seems to be the most logical process for this type of gen-
erator, since, as the water is explosively vaporized by contact
with the heated tubes, it follows that the progress should be
from the lowest to the highest temperature, vaporizing and super-
heating the steam, rather than allowing it to follow a course
from higher to lower temperature, with the accompanying con-
sequence of loss of heat. By making the tubes of sufficient ca-
pacity to vaporize a good quantity of water, surprisingly high
temperatures may be obtained in a short time and high power



204 SELF-PROPELLED VEHICLES.

engines may be driven with perfectly dry steam. In these par-
ticulars the flash generator is superior to a boiler of any type,
although it is probable that its use for light carriage purposes
will be very limited.

The White Flash ¢ Boiler.””—Among the light steam car-
riages equipped with flash generators may be mentioned those
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F1a. 178.—Diagram Illustrating Arrangement of the Vaporizing Coils of the White Flash
Generator, Elevation. The water is fed into the centre of the top coll, ﬂowinf all
around that coil and, in series, through every other coil in succession. It is

*‘flashed "' into steam somewhere above the lower coils, being taken off from the
bottom one. The steam pipe rises to the top of the generator, as shown.

constructed by the White Sewing Machine Co., and the Auto-
mobile Manufacturing Co., the latter an English concern. The
White generator consists of twelve superposed plane profile coils
of quarter-inch seamless steel tubing, which are connected con-
tinuously from top to bottom. The water, under impulse from a
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plunger pump operated from the crosshead of the engine, as in
most steam carriages, enters the top coil at the centre point,
flowing thence around the tube to the outer extremity of the
coil and over again to the centre of the coil next below. The
same connection of outer and centre extremities is maintained
throughout the entire series of coils until the bottom one is
reached. Here the connection of the outer extremity is to the
top of the generator case, where is the steam out-take. This
arrangement may be readily understood on examining the dia-
gram,

Fra. 179.—Plan of the White Flash Generator, showing top coil, with water and steam
pipes, also connections between the successive coils,

The water, pumped into the top coil, passes entirely around,
and thence through each coil continuously, until the bottom coil
is reached. Somewhere in the downward travel it becomes va-
porized, and by the time it emerges from the last coil it has be-
come superheated steam. The amount of water actually fed to
the coils is determined by a diaphragm regulator, which controls
a by-pass valve, operating to return any surplus feed to the tank.
The feed is thus interrupted when the pressure falls—which fact
indicates the presence of too much water in the tubes, since the
amount of contained water and the total pressure per square inch
are in inverse proportion. By this means the operation of the
generator may be maintained automatically at a uniform point;
its output efficiency and the rapidity of stcam generation being
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dependent on the amount of fuel consumed by the burner, which
fact determines the heat of the coils.

The pressure is indicated by an ordinary steam gauge, which
shows a normal working pressure of 200 pounds per square inch,
that being the point at which the tension of the regulator spring
is adjusted. The safety valve, however, is adjusted to blow off at
500 pounds, a pressure which the coils are said to be able to
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F16. 180.—8ectional Elevation of the Blaxton Flash Generator.

withstand. Under usual conditions of operation the steam may
be superheated to about 800 degrees. As in all flash generators,
no water is fed to the coils when the engine is not working, and
the first essential act in starting work is to begin feeding by
hand, which it is necessary to do no longer than to provide for
the generation of steam for the engine. The generator is of the
usual size of light carriage boiler, when encased ‘in its sheet iron
and asbestos packing cover, and runs a 6 horse-power engine,
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The Blaxton Flash Generator.—The Blaxton generator, al-
though differing in several important particulars, is constructed
on the same general theory, consisting of a number of super-
posed plane-profile coils of tubing, through which the water is
passed in series, from the lowest coil to the top, where it is taken
off as steam. As shown in the figure, the water fed from the
pump passes direct to the centre of the lowest coil, thence around
to the outer extremity, and to the centre of the second coil. The
connections between the coils of tubing are made by nut joints
and unions outside the casing. The feed water is pumped in by
hand until sufficient steam to operate the engine is obtained, pre-
cisely as in other flash generators.

The particularly interesting feature of the Blaxton generator
is the device employed for automatically maintaining the con-
sumption of fuel and of steam at one ratio. As shown in the
diagram, the fuel oil is pumped into the short coil placed lowest
in the case, and, being vaporized by the flame, passes around to
the burner. Directly above, and nearly touching, the burner is
a vertical tube, closed at the lower end and containing a second
somewhat shorter tube,

The water, in process of vaporization, passes from the outer
extremity of one of the coiled elements directly into the inner of
these two tubes, the circulation being completed when it passes
up between the inner and outer tubes, through a joint, into the
centre of the coil next above. By this means the temperature,
and consequently the length, of the outer tube is regulated. For,
so long as the feeding of cold water continues, the water or
steam, passing through this tube, absorbs a large percentage of
its heat, thus preventing unusual expansion lengthwise, but,
when the supply is cut off, or when, from any cause, the heat be-
comes too great, the tube elongates, and, pressing down upon
the gland of the burner, closes the needle valve that controls the
fuel supply. By this means the life and usefulness of the gen-
erator is prolonged, as much as possible, since overheating is
prevented by the constant closing of the fuel feed valve. The
Blaxton generator is thus rendered more highly efficient than
most of the average “flash boilers,” whose greatest drawback is
the constant tendency to burn out, if left long exposed to heat
when no water is being fed to the coils.

The generator herewith illustrated measures 5 feet 9 inches in
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height and is 3 feet square. It contains 126 square feet of heat-
ing surface, has a normal working pressure of 200 pounds per
square inch, and can propel an engine of 25 horse-power. This
average on heating surface is about equivalent to that of a good
water-tube boiler, although here steaming is more rapid.

The flash generator of the Automobile Manufacturing Co., al-
though operating on precisely similar principles, consists of
seven pairs of spiral tubes, each pair connected at the bottom by
suitable socket joints, and having their upper ends communi-

Fi1a. 181.—Front Elevation of the Flash Generator of the Automobile Manufacturing Co.,
of England. A A are s‘ghaces for side draughts ; BB, flash tubes : E, steam chamber ;
F. water feed pipes. e whole is covered by such a ‘‘bonnet™ as is familiar on
large gasoline cars.

cating, respectively, with the water and steam feed pipes. The
eighth pair of spiral tubes is constructed in precisely the same
manner, but being intended for vaporizing the fuel oil, has the
two upper ends of the tubes connecting, respectively, with the
oil tank and the burner. Water is fed to the top of one of the
tubes of each pair, and, being vaporized before the bottom of the
tortuous channel is reached, is given off as superheated steam
at the top of the opposite tube. As may be readily understood
from examination of the figure, the same end is attained with the



FILASH STEAM GENERATORS. 209

use of such spiral tubes, as by a number of superposed coils. The
injected water is exposed to an extensive surface, heated to a
high temperature, and is subjected to its action for a sufficiently
long period to become thoroughly vaporized and superheated.
Fach such double tube in the carriages of this company is about
24 feet, which gives a total length for 7 tubes of 168 feet, and
with a §-inch diameter, a total heating surface of about 126 feet.

The Simpson-Bodman Flash Generator.—The Simpson-Bod-
man flash generator is probably the best known after that of Ser-

A R ud

Fia. 182.—Plan of the Flash Generator of the Automobile Manufacturing Co., of Eng-
land. B, the steam generating tubes ; C, the fuel-vaporizing tubes ; D, the smoke
vent ; A, the side draughts.

pollet, although its use on motor vehicles is confined to the
heavy tractors and lorries built by the firm. Briefly, it consists
of a number of tiers of bent tubing connected in series with the
form of connector, known as the Haythorn joint, very much
after the manner of Serpollet’s later generators. Unlike Serpol-
let’s tubes, however, the portions here exposed to heat are not
flattened or twisted, but indented, as shown in an accompanying
figure, after the manner of the Rowe tube, so called from the
inventor of the process. The tubes are also of larger diameter
and thicker walls than those used by Serpollet, and, according
to the claims of the manufacturers, can withstand a test pressure
of one ton (2,240 1bs.) to the square inch.
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With a generator of this description consisting of twelve two-
legged elements, or double tubes, each leg indented through a
length of 2 feet 6 inches, 33-inch pitch of indent—which gives a
total heating surface of 46 square feet—and a grate area of 2}
square feet, an efficient temperature of 400 degrees, Fahrenheit,
has been obtained in 25 minutes from kindling the fire, and a
working pressure of at least 250 pounds per square inch in 30
minutes. In fact, it is necessary, with this generator, to provide

F1a. 188.=8ectional Elevation of one Form of the 8impson-Bodman Flash Generator and
Casing, showing the steam drum at the right top of the casing, through which the
feed water is pum to the indented * Row ™ tubes, bent double, arranged ** zig-
zag " and nested, like the tubes of the Serpollet generator shown in Figs. ng, 176. 175.
'I;he c?jn?ecuons between the tubes outside the casing are by U-connectors and Hay-
thorn joints.

against too high a temperature of steam—it is not unusual under
running conditions that it reach a temperature of 1,000 degrees,
Fahrenheit, which would, of course, decompose the lubricating
oil, if admitted to the cylinder. Consequently, an essential
feature of construction is the steam drum, which is an elon-
gated cylinder containing one ortwo U-shaped tubes. The steam
is let into this drum, and the feed water on its way to the tof
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coil, passes through the U-shaped tubes, thereby absorbing a
goodly proportion of the superfluous heat. On leaving the drum,
therefore, the steam has reached a temperature sufficiently low
to be fed to the engine.

Instead of using any device for regulating the heat, or open-
ing the by-pass valve, a back-pressure valve is fixed on the feed
pipe between the by-pass and the generator, which, it is said,

Fia. 184.—Length of * Row  tube, such as is used on the Simpson-Bodman generator for
rrgdu::&l an enlarged heating surface. This cut shows the manner of making the
ndentations.

ey,
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Fia. 185.—Diagram of the Haythorn joint used on the Simpson-Bodman and other flash
generators,

furnishes a much more economical means of dealing with over-
supply of water than that of returning it to the tank. The steam
is allowed to collect in the drum, and superfluous pressure is re-
lieved by an ordinary safety valve loaded fairly high. This in-
sures a ready supply of steam on hand to start the engine, instead
of resorting to the usual method of pumping in water with a
hand pump,



CHAPTER FIFTEEN.

BOILER FEEDERS AND WATER LEVEL REGULATORS.

Of Boiler Feeders in General.—There are two different
kinds of device for feeding water to steam boilers: plunger
pumps operated by the engine or by a separate cylinder; and
injectors, which raise and feed the water by a steam jet from the
boiler itself. Injectors are largely used for locomotive, marine
and stationary boilers, but to the present time almost not at all
in steam road carriages. The principal reason for this is that the
valves and apertures in an injector, suited for a light carriage
boiler, would have to be made so small that they would be con-
stantly clogged with dirt and sediment, hence rendering the in-
strument inoperative. Furthermore, when in operation, an in-
jector would be liable to fill the boiler too rapidly, while the pres-
sure remained sufficient to raise the water, thus causing priming;
and, if shut off until the water level had fallen considerably,
would cause damage to the boiler by flooding it, while in an
overheated condition. One or two successful steam carriages,
as, for example, the McKay carriage, use an injector as supple-
mentary to the plunger pump, which, as in many other carriages,
is operated from the crosshead of the engine. It is used, how-
ever, only when the plunger pump is disabled and cannot supply
enough water, or when it is desirable to replenish the water tank
from some wayside source. If, as has been occasionally sug-
gested, an injector of sufficient proportions to be proof against
most small obstructions be used, in connection with some kind
of automatic device for opening the by-pass valve back to the
water tank, whenever necessary, a larger amount of steam would
probably be required to operate it than could be very well spared.
These are a few reasons why injectors on small carriage boilers
are very undesirable.

The Injector: Its Theory and Operation.—The theory and
operation of the boiler feed-water injector may be understood
from the familiar diagram shown in an accompanying figure.
Here, as may be seen, steam from the boiler, 4, is let through
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the pipe, B, into a closed nozzle, E, communicating with a water
tank by a siphon tube, C, causing the air to be exhausted in C,
and the water to rise into E. By the same impulse the water
thus raised is forced through the tube, F, into the boiler, so long
as the cock, G, remains open. When it is closed, the steam
should find an outlet only through the pipe, C, into the water
tank below. On this general plan a great variety of injectors has
been based, some of them, particularly such as are used on rail-
road locomotives, being very complicated in construction. A
fairly typical variety of injector, shown herewith, may be readily
understood from the foregoing description. Here, M is the stem
of the steam valve, which is controlled by the handle, K, so that

Fia. 186.—Diagram Ilustrating the Og?r:tion of a Boiler-Feeding Injector. A is the
boiler; B, a pipe leading steam to the nozzle of the injector; C, a pipe leading from
the feed tank ; E, the nozzle, through which the steam forces the water raised ; F,
the feed pipe leading to the boiler; &, a control cock.

the amount of steam used may be controlled, as desired. The
water entering at the opposite side, as shown, is forced by the
steam passing through the nozzle, §, into the tube, V, going
thence through the tube, CD, to the boiler. The steam, given off
during the passage of the water through V, C and D, escapes
through the overflow valve, P, around the body of the instru-
ment and out, as shown by the arrow. If now, valves in the pipes
leading to the boiler and the overflow be closed, the steam enter-
ing through S finds an outlet only through the water-feed pipe,
being thus forced into the water tank, as is often done for the
purpose of thawing it out in cold weather.
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Plunger Pumps and By-Pass Valves.—As above stated, the
plunger pumps used to feed steam carriage boilers are most
often operated from the cross-head of the engine. Consequently,
so long as the engine is in motion, water is steadily pumped into
the boiler. When, as shown by the water glass, the level is too
high, the by-pass valve may be opened, and the water pumped
from and back again to the tank. In some carriages the by-pass
is always operated by hand; in others it is controlled by some
kind of automatic arrangement, such as will presently be de-

Fie. 187.—Construction of one Type of Injector. S, steam Jet; V, suction jet; C-D, com-
bining_and delivery tube; R, ring or auxiliary check; P, overflow valve; O, steam
plug; M, steam valve and stem; N, packing nut; K, steam valve handle; X, overflow
cap.

scribed. The automatic control of the by-pass is extremely de-
sirable, particularly since unskilled engineers most often have
charge of carriages and are exceeedingly liable to forget the
small details of management. On the other hand, many auto-
matic devices get out of order altogether too easily, and leave
the carriage driver to exercise his skill and judgment at an un-
expected moment.

In addition to the danger of flooding the boiler, the opposite
embarrassment often occurs—owing to some disarrangement, the
pump may fail to feed enough water to the boiler, or may not
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operate at all. Then it is necessary to use a supplementary
feeder, which is either a hand pump, an injector, as used on the
McKay carriage, or a steam pump operated by a separate cylin-
der, as in the Victor carriage, about to be described. Such
supplementary steam pumps and injectors are commonly ar-
ranged to start automatically, as required, but may also be started
by a hand-controlled valve. Another advantage involved in the
use of automatically controlled steam pumps is that water may
be fed, as required, to the boiler, after the engine has ceased
motion, and it is desirable to leave the carriage standing with
steam up. In this condition, however, a very small amount of
water is needed, except under unusual conditions.
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Fra. 188.—8ection of a Type of Plunger Feed Pump. As is obvious, the valve opened by
suction of the up-stroke is cl by compression of the down-stroke, and vice versa.
This pump 18 ulfped with a double, or compound, valve, which, as may be seen,
secures perfect balance in operation with the simplest possible constructions. The
stem of the suction valve enters a bore in the stem of the outlet valve. Referring
to the lettered parts; A is the pivoted lever working the pump from the crosshead of
the engine; B, the fulcrum point; C, the attachment of the piston rod, D; E, the trunk

lunger; F, the packing cap; G, the s)ump cylinder; H, nut on the valve chamber port;
g, the valve chamber; K, water outlet valve; L, water inlet valve.

Operating the By-Pass Valve.—In several well-known makes
of steam carriage the driver is required to constantly watch the
water glass in order to inform himself as to the water level in the
boiler. On noticing that the level is too high, or is rising too
rapidly—the proper level is generally about two-thirds up the
glass—he opens the by-pass valve by turning a small-wheel
placed near the throttle lever beside his seat. This act, as already
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-suggested, turns the water forced by the pump back again into
the feed tank, a three-way cock controlling its travel. It would
be highly undesirable to further complicate the machinery and
the difficulty. of operating the carriage by any device for dis-
connecting the pump under such conditions, as it is likely that, in
the majority of cases, trouble would result. The simple turn of a
valve wheel relieves the boiler without interfering with the
delicately constructed mechanism.

If, after the water has been led from the boiler for some time,
the level begins to sink, it is necessary only to close the by-pass

Fia. 189. Fia. 190,
Fia. 189.—Folding Pall used for filling the Feed Water Tank.

F1a. 190.—S8iphon for drawing Water from Wayside Source by Boiler Steam.
valve, thus resuming the feed. If, from any cause, the pump
scems unable to keep up the water level in the boiler, and the
reading of the water glass is verified by the trv-cocks, thus show-
ing that it is working perfectly and is unclogged with sediment,
a few strokes of the auxiliary hand pump will suffice, if no injec-
tor or automatic stcam pump be attached to the carriage.

Troubles With the Pump.—Since the small water pumps
attached to steam carriages are of the simple plunger type, such
as is used on fire engincs, failure to supply sufficient water to the
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boiler may generally be attributed to loosened packings or to
clogged check valves. The rapid sinking of the level in the
water glass will indicate trouble with the pump, except when
ascending a high hill. In the latter case the fall of level may
rcasonably be attributed to the unusual steam consumption.
Under usual circumstances, the trouble is due to loosened pack-
ings, and this trouble may be remedied by inserting new pack-
ings, although particular care should be exercised, so as not to
pack the plunger too tightly and cause breakage. .If it seems
evident that the falling water level is due to clogged check valves
—this is a comparatively rare occurrence—the fire should at once
be extinguished and the check valves opened and cleaned.

Fio. 191.—The Keone Automatic Water Level Regulator. The bal!, A, floating in the
water at boiler level; B and E contact fingers, or pivots; G and fl, opern.%ing the
valve, C, on water pipe, D, and the fuel valve through the link, F.

Automatic By-Pass Valves: The Keene Valve.—One of
the most ingenious things in the way of an automatic control for
the by-pass valve is the device formerly used in the Keene steam
carriage, which is shown in section herewith. It is, briefly, a
cylindrical vessel, communicating at the bottom with the water
space and at the top with the steam space of the boiler, after the
manner of the glass gauge, alrcady described.” Within this
cylinder is a hollow metal ball, which, floating on the surface of
the water, riscs and falls with it, and when at a level unusually
low or unusually high actuating one or another of two pairs of
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finger contacts, as shown. When the water level is too high the
ball rises, and, moving the upper finger, operates a lever to open
the by-pass valve, thus shutting the water inflow from the boiler.
When, on the other hand, the water level sinks unduly, the ball
presses down the lower finger lever, thus shutting off the gaso-
line supply from the burner.

Such a device should be a very efficient protective to the boiler
so long as the hollow metal sphere did not leak, but it must be
carefully constructed, so as to avoid the disarrangements and
premature operation in ascending steep grades, which is a fertile
source of trouble with some makes of low water alarm using
hollow metal floats. It was probably some such troubles as these
that led to its disuse. :

Fi16. 192.—The Bullard Thermostat Regulator as arranged for a Stationary Boiler. The
U-shaped tube, 2, 8, 4, the lower leg of which passes through the water-feed pipe, 25,
is set at the normal water level, as indicated by the broken line above the upper leg.
When the boiler level sinks unusually, the pipe elongates on its bed plate as far as the
vertical line, 2, 2, thus operating the lever, 16, and closing the by-pass valve, 20,
through the hn\t, 18. The construction used on the * Victor * carriage is subaw.utially
the same &s here shown,

The Thermostat Regulator.—The Bullard thermostat regu-
lator used on the Victor carriage is quite as effective as the de-
vice just described, and probably considerably more durable. It
consists of a tube bent U-shaped, and laid on its side, one end of
it being in communication with the steam space of the boiler, the
other with the water space, just below the normal water level.
When the water in the boiler is at the proper level the lower half
of the tube is filled with water to the bend. When the water
level in the boiler falls, the U-tube is, of course, filled with steam




BOILER FEEDEKS AND REGULATORS. 219

throughout its entire length, which fact involves that it lengthen
slightly under the influence of the heat. On the restoration of
the proper level in the boiler the effect of contraction of the tube
is assured by a water jacket on its lower leg, consisting of a sec-
tion of the feed-water tube between the water tank and the pump.
The alternate lengthenings and shortenings of the tube, under
variations of temperature, are efficient in actuating a lever,
geared to an arm secured at the bend on the upper leg to the U-
tube, thus effecting the closing or opening of the by-pass valve,
and regulating the feed supply to the boiler. The movement of
the lever under this pressure is only about 1-16 inch in either
direction, but by virtue of a spring connection at the by-pass it is
increased about four times (} inch), which is a movement amply
sufficient for operating the valve.

This device is at once simple and comparatively certaininoper-
ation, depending entirely upon the physical properties of the
metal, which cause it to expand under heat and contract with a
lower temperature. Several steam carriages use thermostat
regulators to control the by-pass as well as to regulate the sup-
ply of liquid gasoline to the burner. A very interesting example
of the latter type will be described in the chapter on burners. As
seen already in the Blaxton flash generator a tube arranged to
vary in length with the “dry” temperature is used to regulate the
supply of oil in the burner.

Qravity Boiler Feeder.—An interesting device for main-
taining proper water level in a boiler by means of
gravity is found in the King boiler feeder shown in
accompanying diagrams. This machine, which has been in
actual use on a steam carriage, is contrived so as to dis-
pense entirely with the plunger pump and all the valves and at-
tachments necessarily used with it. Briefly, it consists, as shown,
of a slightly tapering cylindrical shell, within which fits, water-
tight, a similarly shaped chamber, the latter being rocked or
turned by a lever, which is attached to a stem passing through a
stuffing box at one end of the shell. This lever, or arm, is geared
to a link bar, which transmits motion from the engine, so that the
rocking movement or half rotation of the chamber is constantly
maintained. Further, the outer shell has four openings, as
shown ; one o admit the feed water, flowing by gravity from the
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tank ; the second to admit steam from the boiler; the third com-
municating with the water space of the boiler ; and a fourth fitted
with a check valve opening to the atmosphere. The inner cham-
ber has at least three ports, or openings, so arranged as to ac-
complish the functions about to be described.

When the link and lever have brought the inner chamber into
the position shown in the cuts, water flows by gravity from the
tank through the tube connections at the top of the shell, com-
pletely filling the chamber. At the same time any air or stéam
in the chamber is let out through the ball check valve, also at the
top of the shell. A half turn of the lever then brings the ports
into communication with the steam and water spaces of the boiler
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F1a. 198.—The King Gravity Boller Feeder and Level Regulator.

allowing such water as may be needed to restore the proper level
to flow in, under steam pressure and gravity. These operations
are continuously repeated, and, so long as the supply of water in
the tank is maintained, the level in the boiler is not allowed to
fall. If the feeder is of sufficient size, and is placed at such a level
as will involve that the water level in the boiler is lower than the
highest point of the chamber and higher than the lowest point,
the end of securing a steady feed will be attained.

The diagrams show that the supply pipe, between the outer
shell of the feeder and the water space of the boiler, drops below
the point where it enters the boiler. This is an essential feature
of the mechanism, and is intended to prevent the transmission of
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an excessive degree of heat from the boiler to the feeder cham-
ber. The temperature of the water within the chamber should
always be maintained well below the evaporating point in order
to avoid such back pressure as would neutralize the very ends
desired.

If such a machine as this be of proper proportions for the
boiler it is designed to feed, and its position relative to the water
level be adjusted, there should be no excessive waste of steam
nor any great danger of injecting lubricating oil with the feed
water. Its simplicity is a point in its favor, but, like all small
slide valve devices, it would be rapidly disabled should it be
allowed to grind very much.

Merits of Gravity Boiler Feeders.—As a general rule, it may
be asserted, devices for feeding a boiler by gravity are unsuitable
for steam carriages on account of the amount of vertical space
necessarily occupied. Where it is possible to use some siphon
arrangement there must be constant trouble and uncertainty, as
the tank level sinks. Among the numerous objectionable gravity
feed devices for steam vehicles, we may mention a recently
patented invention which proposes to suspend the feed tank on
springs capable of contracting and raising it as the water level
sinks. It also specifies a cork float in the feed tank above which
steam is admitted from the boiler, in order to assist the work of
maintaining the water level through another tube at the bottom,
communicating with the water space of the boiler, while, at the
same time, preventing the cool tank water from interfering with
the generation of a proper pressure in the boiler. Such a device
would involve considerable waste of steam in a small boiler, and
would be uncertain in operation under the vibrations of travel.

Flash Boiler Feeders: The Serpollet System.—The feeding
apparatus for shell and water tube boilers is to be adjusted,
either automatically or by hand, solely with reference to the
maintenance of a proper water level. Thus, by far the greater
number of automatic regulating devices depend for their opera-
tion on gravity or on some arrangement of floats within a closed
chamber. Some moderately typical devices have been described
to give the reader a good idea of the general problems involved
in such constructions. With the feeding of flash generators,
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however, the operation of automatic devices depends solely upon
maintaining a certain predetermined pressure and temperature,
which are properly in ratio to the quantity of water being vapor-
ized in the tubes, as is not necessarily the case with generators of
other types. It is possible, therefore, to maintain the feed at the
proper rate and quantity by automatic pressure regulators, such
as are used in connection with steam carriage burners, or else
by some system of uniform regulation for fuel and water pumps.

F1a. 194.—The Serpollet Water and Fuel Feed System. The method of hanging the
stepped cam controlling the pump strokes may be here understood.

The latter theory is adopted in the Gardner-Serpollet system
of fuel and water feeding for their flash generator, already de-
scribed. As shown in the diagram, the fuel is fed to the burner,
and the water to the boiler, through pumps, both of which are
operated from the same shaft. The fuel pump is smaller than the
water pump and its stroke is also shorter, as is obviously neces-
sary, but as is evident from the diagram of the pump connections,
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also shown, its stroke would always be in the same proportion to
that of the water pump, if by any means the stroke of the vibrat-
ing lever, to which both pistons are connected, could be varied.
This end is, in fact, accomplished by the use of a stepped cam,
consisting of a row of eccentric discs, of varying eccentricity,
which, placed upon the rotating shaft, may be slid in either direc-
tion, thus varying the lift and drop of the lever bearing the roller
shown, and actuating the first lever through the link bar con-
necting the two. By shifting the cam inward toward the driving

Fia. 195.—8erpollet’s Fuel and Water Pumps. The water pump, a, and the fuel gum , b,
o wikoee stroko Is variod by the Steppod G, O which bears the roller. e, on tho
rwol? e[e)}‘vzted at i. The rotary movement of the cam shaft, g, is imparted by the spur

spur the strokes of both oil and water pumps may be varied from

zero to maximum; the cam surface being efficient in giving a

greater or shorter inward stroke, and in permitting an outward

stroke of equal length under stress of the spiral spring attached
below the pump operating lever.

The liquid fuel and the water, being thus varied in the amounts’
given forth by the pumps, are forced, the one into the vaporizing
tube, shown as passing over the burner, the other into the
flattened and nested tubes of the generator, which are directly
exposed to the heat of the flame. By this means the heat is in-
creased in ratio with the quantity of water injected, and the
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working pressure may be regulated to any desired limit. When,
however, the pressure has risen above a certain fixed point—it is
generally fixed at about 355 pounds per square inch—it is able to
open the spring safety valve, shown attached to the steam pipe,
thus also opening the by-pass, so that the water from the feed
pump is thrown back into the tank. The water from the pump
may be forced through the spring valve, instead of into the
generator, by the closing of a check valve at P, under steam

Fi1o. 196.— The “ S8afety Valve,” or Automatic By-Pass Regulator of the Serpollet Boiler
Feed System. The steam, admitted through the tube, a, after it has reached a cer-
tain pressure, opens the valve, b, compressing the spring, c. By this action the rod,
d, forces up the valve, #, and the spring, f, thus enabling the water.from the pump to
pass from the pipe, g, through the pipe, A, to the water tank.

pressure. The connections may be readily understood from the
diagram, which also shows a hand operated pump for making the
initial injection of water into the generator tubes previous to
starting the engine.

The White Flash Boiler Feed System.—Thc water-feed
system of the White stcam carriage flash generator is based on
a different theory, although the by-pass valve is controlled by a
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Fias. 197-198.—Diagrams of the Fuel and Water Feed System of the White S8team Car-
riage. A is the water pump operated from the cross-head of the engine, B. C is the
water tank; D, a pipe lcading to the pump, and branching off at E, as shown, into J
and N. F is the boiler f pipe leading through the check valve, O, and the air
chamber, H. K15 the automatic by-pass regulator; L, a pipe leading steam from the
gencrator, (1, and allowing the water to circulate through FMKJEN A, whenever
steam pressure rises high. X, the pop valve: Y, the gauge: Z, the throttle: T, the
fuel tank: U, the fuel feed pipe; Q R 8. the fuel regulating and vaporizing system ex-
plained later.
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spring and pressure device, as with Serpollet. The details of the

system may be understood from the accompanying diagrams,

which exhibit all the essential features. A plunger pump, 4,
operated by a pivoted lever from the crosshead of the engine, B,
forces water from the tank, C, through the pipe, D, which, how-

Fro 199.—8ection of the Automatic Boiler Feed Regulator of the White 8team Carriage.
Steam entering at the port, I, bears on the diaphragm, f, and the head, d. When its
pressure is suflicient, it opens the valve, g, on the rod, ¢, by compressing the spring,
¢. This operation opens communication between the chambers, a and b, allowing the
water fed by the pump over the pipe, M, to enter at the port, m, and circulate thence
through valve, g, chamber, a, port, J, and over the pipes, J EN, back again to the
pump, A. The valve rod, ¢, should have a greater clearance than {s shown in this cut,

ever, divides into two branches at the point, E, one portion of the
water being forced by the pump through the pipe, F, to the coils
of the generator, G. The pipe, I, has the air-chamber, H, lo-
cated, as shown, between the pump and the steam generator. An-
other portion of the water coming through the pipe, D, passes
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through the pipe, J, which communicates with the lower cham-
ber of the pressure regulator, K, to be described later. Since the
regulator, K, is operated only when the steam pressure has
reached a certain predetermined point, when the by-pass valve is
opened, the pipes, F and J, are not in communication so long as
the pump, A, operates to feed water to the coils of the gener-
ator, G.

The regulator, K, is constructed and operated as shown in an
accompanying diagram. It consists of two chambers, a and b,
which are put into communication on the opening of the valve,
¢, normally closed by the spiral spring, d. The rod carrrying the
valve, ¢, is attached at its opposite end to the head, ¢, which bears
against the metal diaphragm, f, held between the casing of a and
b and the cap, g. The operation is obvious. The port, /, shown
just above the diaphragm, f, is connected direct to the generator
by the pipe, L. When, therefore, the steam pressure has risen
above a certain predetermined point, which means that a greater
force is exerted on the upper face of the diaphragm, f, than
comes through the head, e, from the spring, d, the valve, ¢, is
opened, making free communication between the chambers, a
and b. Since, now, the ports,  and m, are on the pipes, / and M,
which are connected in the system, as shown, the opening of the
valve, C, means that the water circulation from the pump, A4, is
through the pipes, F, M, J, N ; all water being shut from the coils
of the generator by steam pressure at the check valve, O. So
soon soever as the steam pressure again falls to normal, the valve,
¢, is closed by the spring, d, and the check valve, O, in F is
again opened, admitting water to the coils of the generator under
pump pressure.

In connection with this system of controlling the boiler feed,
there is a thermostat regulator, shown at P Q, for varying the
amount of gasoline fuel fed to the burner, or cutting it off en-
tirely. This, however, will be explained in the chapter on
burners and fuel feed regulators.

The ¢« Victor” Steam Air and Water Pumps.—The auto-
matic auxiliary feed pumps used on the “Victor” carriage and
shown in section in the accompanying illustration are operated
on a principle which has already been applied to the steam air
pumps used in connection with the Westinghouse air brake on
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many American railroad locomotives. As will be seen in the
illustration, two such automatic pumps are used on this carriage,
the one being intended as an auxiliary feed pump for the boiler,
to be used in case the regular feed pump, which is of the double-
plunger type, being geared to and operated from the rear axle,
should from any cause cease to operate. The other pump is
used for maintaining the acquired air pressure in the fuel tank.
The steam is admitted through the port marked “steam inlet”
in the accompanying diagram ; this port leads into an elongated

F10. 200.—8ectional View of the Valve Motion and Mechanism of the ** Victor * Auxiliary
Steamn Pumps.
chamber running the full length of the cylinder, and of some-
what enlarged diameter towards the top. Within it, as may be
seen, is a vertical rod, carrying a piston valve at either ex-
tremity. The steam on entering, of course, bears against these
pistons, and since the upper one of the two is of the largest
diameter, it forces it into the position shown in the cut, thus
opening the port into the upper end of the cylinder, and forcing
the piston downward. The downward stroke continues until a
shoulder at the lower end of the rod, B, strikes the nut fixed
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above G, opening the valve, D. Communication is thus estab-
lished between the valve chest, in which slides the double piston
rod, A4, and the space above the piston, C. Consequently, steam is
admitted above this piston, which, being of larger diameter than
the piston below it, forces it and the valve rod downward, thus
opening the steam port into the bottom of the cylinder, and so
beginning the up-stroke of the piston. The up-stroke continues
until the nut above piston, G, closes valve, D, thus cutting off
steam from the space above the piston, C, and again causing
the plunger to rise. The position of the exhaust valves is such
that they are covered by the piston valves on rod, when these
are in position to open the inlets, and are opened again as soon
as the inlets are closed, thus establishing communication with the
exhaust chamber, F. The operation of the valves of the pump
is obvious and requires no further description.

The Moore Steam Pump and Valve Motion.—The Moore
feed pump, which has been widely advertised for use on steam
carriages, differs considerably from the one just described, al-
though equally ingenious in construction. The steam cylinder,
which is shown in section in an accompanying cut, contains a
double-headed piston, B, shaped somewhat like a spool. Both
heads of this piston, B' and B’, slide team tight within the
cylinder, being formed with suitable packing rings. As shown
in the cut, one of these cylinder heads, B, is screwed upon the
body of the piston, thus permitting its removal in order to slide
on the cylindrical valve, G, which is similarly shaped, having two
heads, G' and G, also formed with packing rings, fitting against
the inner surface of the cylinder. Within the body of the piston,
and connecting with cither end of the cylinder, are two longi-
tudinal channels, g and k, each of which communicates by a
port through the circumference of the piston body. As shown
in the separate cut of the piston, there is also a port, k', which
penetrates clear through the body of the piston and is in com-
munication with the hollow piston rod, E. In the cylindrical
valve, G, there are, as shown, two sets of ports, ¢ and d, which
communicate respectively with the annular grooves, ¢ and f.
Around the inner circumference of this cylindrical valve, there
is also another annular groove, ¢, several times wider than the
other two.
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The operation of this mechanism is simple and effective. The
cut shows the piston in progress from left to right, the steam
being admitted into the cylinder through the inlet pipe, F, and
the two ports, @ and b, flowing thence through the port D, the
annular groove, f, the longitudinal channel, A, to the rear of the
piston, thus causing it to move toward the right. In the posi-
tion shown in the cut, the head, G°, screwed on the extremity of
the cylinder valve, G, has closed the steam port, 4. As soon,
however, as the piston has reached the end of its stroke, and
the head, B', has pressed against the relief groove, o, the steam
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F1a. 201.—8ection showing the Valve Motion and Mechanism of the Moore Steam Pump
used on some Steam Carriages.

being unable to force the piston further, acts upon the sliding
cylinder valve, causing the head, G’, to move away from the
head, B’, thus opening the communication for the return stroke
by bringing the port, ¢, and the annular groove, e, opposite to
the longitudinal channel, g, causing steam to flow to the right-
hand end of the cylinder. At the same time, the annular
groove, 1, is brought opposite to the opening of the longitudinal
groove, h, thus establishing communication between the left-
hand end of the cylinder and the exhaust port, 2, communicating
through the hollow piston rod to the rear of the cylinder, where
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the exhaust is taken off. The cylinder thus constructed is
capable of high speed and considerable efficiency, although, like
the one just described, it operates almost altogether at boiler
pressure, allowing the steam little if any opportunity to expand.
This feature, which is largely common to all automatic cylinder
valves, forms one of the greatest objections to their use in con-
nection with small boiler plants, the waste of steam soon amount-
ing to a considerable item if they are to be operated constantly.

Fre. 202.—The Moore Steam Pump arranged to operate both Air and Water Supply for
Steam Carriages.

Fia. 202a.—Typical Hand Pump for Steam Carriage Use. This style of pump is used on
a large number of American steam carrluﬁes, and is an indispensable adjunct—its
object being to supply water to the boiler when, for any reason, the automatic pump
fails to work. The particularly advantageous feature is the jointed hand lever,
which may be bent back out of the way, when not inuse, and readily brought to the
driver’s hand, when necessary.



CHAPTER SIXTEEN.
LIQUID FUEL BURNERS AND REGULATORS.

Of Liquid Fuels in Qeneral.—All light steam carriages, and
many heavier vehicles as well, use liquid fuel, oil or mineral
spirit, to produce heat for their boilers. Such liquid fuel-is not
burned in liquid form, as is oil in an ordinary lamp, but is vapor-
ized by heat, the vapor or gas thus produced being fed to the
burner and ignited, in the same manner as ordinary coal gas
used for light or heat in houses. It would be impracticable to
carry gas in tanks on steam carriages, since the difficulty of stor-
ing and replenishing the supply would be greatly increased. Now,
as the idea of vaporizing liquid hydrocarbons, instead of depend-
ing on coal gas supply for a gas engine, was one of the most
valuable improvements made by Daimler, and the first step to-
ward the gasoline motor carriage, an analogous treatment of
volatile liquids, in order to produce gas for burning under a
boiler, was the first departure in the direction of a really practical
and easily handled light steam road carriage. By the use of
liquid fuels in such a carriage, a vast saving is made possible,
both in space and weight, while the consumption of such fuels in
gaseous form is anotl.er element of economy.

Advantages in Using Volatile Fuels.—A prominent English
authority on moto- carriages gives the following five considera-
tions of advantage in the use of liquid fuels:

1. Their combustion is complete, no heat being lost in the
form of smoke or soot.

2. They produce no ashes or clinkers, which must be periodi-
cally cleaned out. Hence there is no loss of heat or drop in
steam pressure, due either to this cause or to the renewal of coal.

3. The flues are never incrusted with soot, which involves the
best conditions for use of heat.

4. The temperature of the escaping gases is lower than with
a coal fire, since there is no need that the air required for com-

bustion should force its way through a thick layer of burning
282
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fuel. Whence the uptake temperature is generally about 400°,
Fahrenheit, instead of between 600° and 700°, as with the use
of coal fire.

5. Since the fuel is burned in fine particles, in close contact
with the oxygen of the air, only a small excess of air ove- that
actually required for combustion is admitted to the burner. The
opposite is the case with coal.

As may be readily surmised, the calorific value of liquid fuels
is far greater than that of coal. It has been estimated that,
taking the two weight for weight, petroleum oil has about twice
the heat efficiency of coal. Since, therefore, equal weights of
both varieties of fuel occupy about equal spaces, it follows
naturally that petroleum products are far more economical and
serviceable for use in vehicles of any description, or in boats and
ships, where the considerations of weight and space occupied, in
ratio to the power, are all-important.

The liquid fuels most commonly used are kerosene and gaso-
line, both being vaporized by the heat of the burner; a kindling
flame from liquid gasoline or alcohol vapor, or a specially ar-
ranged detachable auxiliary vaporizer, or “torch,” being used at
the start, and until the vaporizing tubes are thoroughly heated.
Kerosene is less suitable for steam carriage burners than is
gasoline. A far higher temperature is required to vaporize it,
and a larger evaporating surface. Furthermore, it requires large,
bulky and complicated burners to consume its vapor, and very
frequently produces an excessive amount of carbonaceous re-
siduum, which necessitates periodical cleaning and considerable
trouble in generating heat. Kerosene burners are also more
difficult to operate and regulate; frequently make an annoying
“roaring” sound, and, on the whole, are highly unsuitable for
light steam carriages which require the simplest and most readily
handled, as well as the least annoying, attachments. Gasoline, on
the other hand, being a highly distilled product of petroleum, is
more readily vaporized and its combustion produces no dirty
residue. Moreover, its gas may be readily burned in the com-
pact and simple burners used on most steam carriages.

Kerosene Burners: The Longuemare Burner.—Most of the
best known kerosene burners use coils of tubing for vaporizing
the oil under heat in valve burners, whose rate of consumption
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and consequent heat may be readily adjusted. The Longuemare
burner, one form of which is shown in an accompanying figure,
has been much used in connection with the Serpollet flash
generators. The liquid oil is fed into a tubular spiral, B, which
is of a general conical contour, as shown. Entering at 4, it
passes through all the tiers of tubing, becoming vaporized under
the heat. Being given off at the top, it passes down to the central
chamber of the burner at D, rising thence to the burner tips,
G, G, G, in such quantities as are permitted by the needle valve
at the end of the rod, E. Two other burner tips on arms fixed at
right angles to G, G, G, are connected to the central chamber

Fia. 208.—The Longuemare Kerosene Vapor Burner. A is the ofl feed pipe ; B, the vapor-
izing coll ; D, the tube leading to the burner Mé)a: E, the control valve ; F', the hand-
wheel for regulating the control valve ; G, G, G, the burner tips and glands.

below the needle valve, as is indicated by the dotted lines. Con-
sequently, when the rod, E, is screwed up, by the geared wheel,
F, so that the needle valve is closed, these two burners are still
supplied from the central chamber; thus maintaining about half
the usual amount of heat, when it is necessary to stop the engine
for a moderate period. These burner tips also act as pilot lights
to ignite the others when the valve is again opened. In starting
the burner, it is necessary only to pour alcohol into the pan shown
beneath the tube, D, and the central chamber of the burner, and
this having been ignited furnishes sufficient heat to begin the
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process of vaporizing the oil, the pilot burners being kindled
from its flame.

The Clarkson-Capel Kerosene Burner.—The Clarkson-Capel
burner resembles the Longuemare in that the oil is fed into the
base of a coil of pipes and the gas is given off at the top. But
its general details are very different. The oil is forced into the
vaporizing coil, B, through the tube, 4, and the oil gas passes off
through the tube, C, which extends through the boiler shell, as
shown, to the valve, D. The needle valve, controlled by the lever,

F1a. 204.—The Clarkson-Capel Kerosene Vapor Burner. A is the ofl feed tube; B, the
vaporizing coil ; C, the pipe for gas for regulutlna valve, D; E, the spindle of the
needle valve; F, the operating lever of the valve; @, the gland of the burner; H, the
variable opening for the flame.

E, admits the gas to the large mixing tube, into which air also
enters by a rotary valve, of the general type used on small stoves,
placed at the end of the tube to the left of the diagram. The act
of operating the lever, E, on its pivot also actuates the double-
jointed lever, F, which, as may be readily understood, _moves
the stem, J, of the burner gland, G, up or down, thus con-
trolling the quantity of gas let out at the point, H, hence, also, the
size of the flame. By this device the heat under the boiler may
be varied and regulated by a single turn of the hand far more
effectively than in the Longuemare burner, as just described.
This burner is started by the use of a hand torch, which heats the
vaporizing coil previous to admitting the oil. When the tube is
sufficiently hot the burner is ready to begin work. and may be
lighted as soon as the gas-and air mixture in the large mixing
tube is allowed to escape through the vent at H. Although very
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complete and readily operated, such a burner is not suitable for
small carriage use.

The ¢« House’ Kerosene Burner.—Another oil vapor burner
for heavy vehicles is the House burner, which is intended pri-
marily for use with the “Lifu” tubular boiler, already described.
As shown in the accompanying figure, it consists of two parts—
an upper chamber containing a series of channels, into one
end of which the oil is fed, being vaporized under the heat of

Onl Inl

Fia. 206.—The * House " Kerosene \;upor Burner, section in elevation, and plan section ¢!
the vaporizing chamber, or ** generator," showing course of oil in process of being
counverted into vapor under heat of the flame.

the burner and given off through the opposite port, and the bur-
ner into which the vapor is led by a vertical tube. The oil vapor,
passing down into the burner, lifts the needle valve by its own
expansive energy, thus varying the size of the opening and of the
flame, in ratio to the force and quantity of the oil vapor. This
matter is controlled by an automatic diaphragm regulator, similar
to that used with gasoline burners, by which the steam
pressure of the boiler can act to vary the opening of
the oil inlet valve; a low pressure leaving it fully open and
a high pressure acting to close it to any required degree. Ac-
cording to reports this method of regulation acts very effectively
in this burner, although not as simple as the thermostat device
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used on the Blaxton flash generator, where the valve and burner
tip are’of the same general construction, being held open by the
force of the oil vapor until mechanically closed by the lengthen-
ing of the tube.

Another excellent feature of the House burner is the igniting
chamber, situated, as shown, above the generating chamber.
This is a spheroidal cast-iron box having perforations at the base
into the tube fixed immediately above the burner tip. It is filled
with fire brick, or some similar non-conducting substance, which

[)

F10. 206.—Plan and Part Section of a typical Gasoline Burner for Steam Carriage Use.

is heated to redness by the flame of the burner and is thus useful
in rekindling the flame, if at any time it is blown out by draughts
under travel or by rush of air from the oil tank. The flame pro-
duced is a very large and hot one, amply sufficient for the utmost
requirements of the boiler. When the oil supply valve is opened
full, the pressure is sufficient to lift the valve of the burner and
atomize enough oil to enable starting the flame, which continues
with gas, as soon as the generating chamber is heated.
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QGasoline : Its Vaporization and Burning.—Gasoline is much
more readily vaporized than kerosene, requiring generally no
greater temperature than may be obtained by passing the supply
pipe up through one flue of the boiler and down through another.
Such heating as this would have very small effect on kerosene.
The burners used for gasoline are simpler and more readily
regulated than those used for kerosene. They may also be made
much lighter in comparison to their heating power and are less
difficult to fire up at the start. All these points are distinctly
advantageous, if not imperative, on a light steam carriage, in-
tended for amateur engine drivers. On a heavy wagon, intended
to be managed by skilled engineers, they are of less importance,
and may be readily superseded by the more complicated devices
for using the cheaper fuel. '

u .

F16. 208.—The ** Locke ’ Diaphragm Fuel Feed lator. Unlike the one shown in Fig.
207, this device is constructed to operate with some firing device other than a
**torch.” The parts shown are: a, gasoline supply plg:, whose opening is regulated
br point, k, on valve head, !; b, gasoline delivery to burner; ¢, steam inlet; g, dia-
P wuﬂn: J, pressure head; 7, valve rod; o, packing nut; n, gland; m, asbestos spring
packing ; #, main frame; d, adjusting screw for regulating tension of spring, e; p,
cover of pressure chamber, screwed to head of m, as indicated.

The Gasoline Burner.—\Very nearly the typical gasoline bur-
ner for steam carriages is shown in an accompanying figure. It
consists of a flattened cylindrical chamber, pierced from head to
head by a number of short tubes, each of which is expanded into
the holes prepared for it and flanged over to make a secure joint,
somewhat after the manner of a well-made boiler flue attachment.
These air tubes, as they are called, are open to the air at top and
bottom, having no communication with the interior of the
cylindrical chamber above referred to. The gasoline enters the
chamber, from a nozzle at the end of the feed pipe and through
a tube entering at one sidc of the cylinder and cextending inward
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about two-thirds the diameter. This tube is called the “mixing
tube,” and its function is to make a mixture of air and gasoline
vapor that will burn readily in the atmosphere. Having
entered the cylindrical chamber, there is no avenue of
escape for the inflammable gas except through the circular
series of pin-holes, which surround each one of the air
tubes, as may be seen on the cut of the top of this burner. It is
at these minute perforations that the gasoline gas is ignited, the
combustion being rendered perfect by the air admitted through
the air holes previously mentioned. As may thus be understood,
the devices necessary to perfectly burn gasoline gas are as simple
as the ordinary “hot plate,” or gas range burner, that are familiar
adjuncts to many well-equipped kitchens. Of course, since a
more extensive burning surface is required in a steam carriage

F10. 200.—The “Dayton’ Fuel Feed Regulator. This device differs from the others
shown in that it hus not two chambers necessitating that the valve rod pass through
a packing gland. The cover, B, is attached to the end of the diaphragm chamber by
small screws, but both may be detached, by threaded connection, from the spring
and head chamber, thus avoiding removal of the diaphragm. The valve rod carries
a needle valve controlling the gasoline inlet at M, and its outlet at L. The compres-
sion spring is adjusted by the stud, H, passing through the packing gland, G.

burner, the plan and construction must differ considerably from
the more familiar models of gas heater.

The Storing and Feeding of Gasoline.—The liquid gasoline
for supplying gas to the burner of a steam carriage is carried in
a tank, disposed generally to the front of the body, and suffi-
ciently separated from the burner to avoid all dangers that might
arise from leaks or overheating. Within this storage tank a good
pressure of air is maintained—generally between 35 and 4§
pounds to the square inch—from a separate air tank, supplied by
a pump. This pressure is sufficient to force the liquid gasoline
into the vaporizing tubes, when the supply cock is opened. After
it has been vaporized the circulation continues, as controlled by
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the steam pressure diaphragm regulator, which operates a needle
valve on the tube supplying the burner, the amount of gas and
liquid gasoline moving between the supply tank and the burner
being thus determined.

The pressure in the air tank is produced and maintained, either
by a small hand pump, such as is used to inflate pneumatic tires
—this method is used on several well-known American steam
carriages—or else by some such specially designed pump, as is
used on the Victor carriage, or some of the others described.
Such steam driven air pumps are further useful, in that, by
proper attachments, they may also be used for inflating the tires.

NP

Fio. 310.—Gasoline Burner Regulator, o) ing with a ted diaphr: like a
steam gauge. A is the inlet for stemt B.{he inlet fmd guoi‘uge;.&ut'he port
leading to the burner; D. the dia%hragm: E, the head on the grooved rod of the
valve; F, the steam chamber; G, the gasoline chamber.

The Automatic Fuel-Feed Regulator.—The fuel-feed regula-
tor, of which there are several serviceable forms, is one of the
most necessary attachments of a steam carriage. Generally, it
consists of a diaphragm, which, actuated by steam pressure from
the boiler, automatically closes, or partly closes, a needle valve,
thus regulating the amount of fuel fed to the burner. Several
such apparatus are shown in section in accompanying -cuts.
There, as may be seen, the diaphragm is fixed across the tube
leading from the steam space of the boiler. Against its inner
side bears a solid head, or pressure cap, carrying a rod, at the
farther end of which is a needle valve. The pressure cap is
normally held against the diaphragm by a strong spring. When
sufficient steam pressure bears upon the diaphragm, the spring is
compressed, allowing the rod attached to the head to be pushed
inward, thus regulating the needle valve, according to require-
ment. The instrument, thus formed, consists of two parts. The
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one is the pressure chamber containing the spring, whose pres-
sure on the head is regulated by an adjusting screw, through the
shaft of which passes the valve rod. The other is the gasoline
chamber, into which the fuel for the burner is admitted to the
left of the point of the needle valve; its outlet being controlled,
as shown, by two hand-wheel valves—one leading to the main
burner through the mixing tube, the other being intended to let
out a sufficient supply of gasoline to the starting device, which
may be a detachable “torch,” or auxiliary vaporizer, or some
arrangement of drip cup and preliminary generating coil. This
arrangement of the valves is shown in different cuts of burners
and automatic regulators, being there sufficiently designated.
Thus, as shown in the figures, the valve rod, in entering the gaso-
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Fie. 211.—The White Thermostat Fuel Feed Regulator. A is a tube extending clear
through the bodg of the steam generator and forming the connections of two of the
coils, as at Q. is a tube contained within A, and around which steam circulates;
C, arod contained within B; D, a bell crank regulating the valve, E, as C lengthens
with heat; ¥, thzgoint. of the valve. R is the valve chamber, and 8 the gasoline inlet
chamber regulated by a needle valve on a screw-threaded rod.

line end of the regulator, passes through a stuffing box, so as to
prevent all leakage at that end.

Of course, until there is sufficient heat generated to vaporize
gasoline for the regular burner and generate steam pressure in
the boiler, the automatic regulator cannot operate, as described,
and the flow of gasoline to the starting burner or vaporizer is
regulated solely by the hand valves.

A Heavy Vehicle Qasoline Regulator —An automatic regu-
lator, constructed on the plan just described, will work eminently
well so long as the spring is not too much compressed by the
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adjusting screw and the gland of the stufing box is not drawn up
too tight. Another form of regulator, also shown in an accom-
panying cut, which is used on steam wagons, has the advantage
of simplicity in this particular, doing away with both spring and
stuffing box. The diaphragm has concentric corrugations, like
those used on diaphragm steam gauges, and to its centre is at-
tached a valve rod having longitudinal groovings to permit the
fuel to enter the feed tube in such quantities as the pressure on
the other face of the diaphragm will permit. Steam pressure,
being thus brought to bear, tends to deform the diaphragm;
hence compressing the valve rod and decreasing the rate and

F1a. 212.—The Dayton Burner, showing the Starter Box and Regulator in Position.

quantity of fuel feed. The fuel is supplied from the storage tank
through the port into the lower chamber of the two formed by: tlle
diaphragm, as may be readily understood. .

A Thermostatic Fuel PFeed Regulator.—The automatic
regulator used on the White steam carriage is a true thermostat
device, like that used on the Blaxton generator, although regu-
lating the fuel supply rather than the burner flame. Its position
and connections are shown on the figures of the White water
feed system, where it is designated as Q, R, S. As shown in an
accompanying figure, it is constructed, as follows: A tube,
A, A, A, extends entirely through the diameter of the generator,
forming, in fact, the connection between the two lowest coils of
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the White steam generator, and being connected at one end on
the point, Q, and at the other on the sleeve there shown. Within
this tube, A, is another one, B, secured, as shown, to the head
piece at the right hand end of the tube in the figure. This second
tube is preferably of copper, and around it, within the tube, A,
the steam circulates freely between the two lowest coils, so long
as the generator is in operation; thus determining its tempera-
ture and consequent expansion. Within this second tube, B,
again, is the rod, C, preferably of iron or steel, whose ratio of ex-
pansion is smaller than that of copper for all usual boiler tem-
peratures. This tube, C, bears upon the bell crank, D, normally
holding it in the position shown. When,however,the temperature
of the steam or air within the tube, 4. has reached a certain pre-
determined maximum, the tube, B, of copper, expands accord-
ingly, lengthening in the direction of the left of the figure, on

Fi6. 213.—One-picce Cast Burner Body of the Dayton Burner.

account of being rigidly secured to the head at the right. The
result is that the linear expansion of B and C being unequal, C
is drawn away from the bell crank, D, with the result that the
rod, E, is allowed to fall accordingly, decreasing or quite closing
the needle valve at F. This regulates the flow of gasoline gas
from the casing, S, which, as shown in section, contains the main
needle valve, to be controlled by a hand wheel operated from the
seat of the carriage. The general location of this device, also
that of the hand wheel to control it, are shown in the sectional
cut of the water feed system above referred to.

Constructional Points on Gasoline Burners.—Several steam
carriage burners are formed by riveting together a steel flattened
cylindrical pressing and a plane disc, as shown in a former figure,
inserting and expanding the draught tubes into suitably arranged
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perforations, as is done with the flues of boilers. Such a con-
struction is apt to be faulty, however, owing to the fact that the
steel plates tend to warp under the influence of heat, causing the
draught tubes to leak, and the attachmerts to wear. The danger
of these accidents has moved several inventors and manufacturers
to design and produce burners formed with a cast top and steel
plate base, or to cast both elements. By the use of castings warp-
ing is positively prevented, and leaking at the joints of the
draught tubes is obviated.
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F16. 214.—Whitney Bunsen Tube Burner of the McKay showing section of one
of the Bunsen tubes, and starting torch.

One of the best-known burners of this construction is that
widely known as the “Dayton,” which possesses the additional
feature of supplying gas for the burner flame through annular
openings around each of the draught tubes, instead of using the
“pin-hole” design, already described. It is possible to construct
with this feature, since the air tubes are cast in one piece with
the head and base plates, being afterward reamed out, so as to
make them uniform in size. In addition to this air opening, a
counter-bore is sunk in the top plate of the burner, and a steel
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washer is fitted into it, leaving an annular opening for the passage
of gas in the inside of the washer. The outside of the washer
has a number of small openings in it, so that each air tube is sur-
rounded by two concentric circles of flame. This construction
affords a very large heating capacity, and also, as is claimed,
prevents the top of the burner from cracking, also less liability
of choking with rust, dust or carbonized particles, which is a
frequent source of annoyance with *‘pin-hole” burners.

A Bunsen Tube Qasoline Burner.—An interesting variation
on the common type of steam carriage burner is presented in the
device used on the McKay carriage. This burner is made with
the usual top and base plates, the air tubes being inserted and
flanged over, as already described. There are, however, no slits
or punctures around these for the gas to pass through. Instead of
this usual construction, each tube is perforated on each go° of
its circumference, as shown; thus making communication to the
interior of the gas chamber within the flattened cylinder. A
second tube is then inserted within the first, fitting closely, ex-
cept for a slightly diminished circumference at about the level of
the perforations just mentioned. This construction is shown in the
figure illustrating the section of one of the draught tubes. The
gas from the mixing chamber, entering these perforations, passes
between the twc tubes, where the inner one is of diminished cir-
cumference, and, mixing at the top of the tube with the air drawn
through the draught tube, produces a very hot flame, as in the
ordinary type of Bunsen gas burner.

In addition to the possible advantage in point of heat obtained
by this construction, it seems quite reasonable that “burning-
back,” or the ignition of the gas within the mixing chamber,
caused generally by a sudden gust of wind from above, would
be largely obviated if not wholly prevented. It has been asserted
that the “pin-hole” burner is superior to other designs, in point
of immunity from “burning-back.” ‘

“Burning-back” in a carriage burner may always be detected
by a roaring sound, accompanied by a fall in the steam pressure.
It may be remedied by cutting off the fuel supply, and allowing
the burner to cool somewhat before relighting. If allowed to
continue it will result in considerable damage to some burners,
and in no profit to any. It also cuts off the heat from the boiler.



LIQUID FUEL BURNERS AND REGULATORS. 247

A Tubulous Gasoline Burner.—An interesting burner, whose
construction quite precludes the possibility of burning-back, is
used on the Lane carriage, a sketch being shown herewith. In-
stead of the familiar mixing chamber and draught tubes, it con-
sists of a central mixing tube of about three inches diameter from
which start out at both sides, on one plane, 34 tubes of about §
inch diameter having pin-hole perforations through their entire
length. The fire being kindled on all of these holes, a much
more extensive burning surface is rendered possible than can be
obtained on any of the common type of burner. A further ad-
vantange claimed is that the draught, arising through the spaces

Fia. 215.—The Tubulous Gasoline Burner of the Lane C:.rriaﬁ A is the tube leading
from the gasoline tank and across the burner space: B, the tube leading from the
vaporizer tubes to the pilot burner, main feed and regulator: C, the tube for pouring
alcohol into the torch; D, the connection of the main burner feed and nozzle; E, ele-
vation of B, showing pilot burner.

between the tubes, gives the fire air for combustion on both sides
through the entire length of every tube; thus enabling a hotcer
flame than is possible in any other manner. The central mixing
tube also has perferations from side to side, as shown, thus mak-
ing the lines of flame continuous across the entire burner struc-
ture. Another advantage of a straight-tube construction is that
expansion or contraction may occur without involving warpage
or undue strain at any point. :

The gasoline fuel is fed to this burner through the tube and
connections marked 4. This tube, as may be seen, has an adjust-
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able needle valve for setting the rate of supply at any desired
point, when the automatic regulator is allowing passage for the
full supply, or for shutting it off entirely. From the point, 4,
the fuel passes entirely across the face of the burner through one
of the vaporizing tubes and, Lack again through the other, which

Fra. 216.—Plan and Sectional Elevation of the White Burner.

is marked B. One part of the vaporized fuel, reaching this point,
passes through the tube and spraying nozzle at D into the mix-
ing tube, which runs through nearly the entire length of the large
cross-perforated central tube, and is fed thence to all the burner
tubes set at right angles thereto. Another part is fed into the
pilot burner, E, which is arranged directly beneath the tube, B,
as shown in the detail to the upper left-hand side of the burner.
This pilot light, which may be kept continuously burning, can
rekindle the fire at any time after extinguishment.

Another feature, which, however, is not peculiar to this burner,
is the method of starting the fire. This is done by pouring a few
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teaspoonfuls of wood alcohol into a tube connected on to the
tube, C, which also passes across the face of the burner between
the two vaporizing tubes, 4 and B. This torch tube, C, is also
perforated with pin-holes through its length, and is wrapped
about with asbestos packing, which may be ignited ; thus furnish-
ing sufficient heat to begin the operation of vaporizing the fuel
in A and B. Before the prescribed quantity of alcohol is burned
out, clear gas begins to be fed to the pilot burner and mixing
tubes ; being ignited in both by the flame of the asbestos torch.

The White Gasoline Burner.—The burner used on the White
carriage is also an interesting departure from the common types.
As shown in the plan and sectional sketches, it consists of an
upper, or face, plate of cast iron, having concentric corrugations,
between which are the draught tubes, connecting the top and
base plates, as in other burners. Instead, however, of the usual
pin-holes or slits around the openings of the draught tubes, there
are concentric rows of radially disposed slits across the raised
corrugations on the face of the upper plate. The sketch shows
these in larger number than on the burner in actual use, which,
being about 14 inches in diameter, has the slits arranged at in-
tervals of about } inch.

Obvious constructional and practical advantages inhere in this
design, since: (@) The draught tubes, being separated from the
flame, cannot be loosened by the heat. (b) Being arranged to
either side of each circle of flame, sufficient oxygen is supplied to
produce perfect combustion. (¢) The construction is such that
there is no danger of warping or deformation under heat.

The automatic thermostatic regulator, described above, is used
with this burner. The incoming gasoline supply goes to the pre-
liminary vaporizer, C, over the pilot burner, G, thence through
the vaporizing tubes, and through the regulator, and into the
mixing chamber, whence it emerges through the fire slits,
D, D.

Methods ot Starting the Fire: The ¢« Torch.”—There are
several methods of starting the fire in gasoline carriage burners,
each having been devised as an improvement in way of sim-
plicity and ease of operation.

The most familiar method of starting the fire is by the use of a
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Fi1a. 217.—Usual pattern of ** torch’ head and starting * torch,” used on several American
steam carri . The head parts are lettered as follows: A, body of head; B, threaded
cap: C and S, nuts working on screws, F and G, on rod, E. Screw, G, gives attach-
ment to the collar on the valve stem, as shown at B, in the succeeding figure.

Fia. 218.—8howing the torch in position. By reference to Fig. 217, it may be readily un-
derstood that the hewd of the torch, C, is attached to a nipple on B by screw, G; the
bent tube being thrust through a port in the burner casing 80 as to come directly over
t.l;f fire: the nozzle entering the mixing tube by the side of the nozzle on the main
valve, A.
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removable auxiliary vaporizer, or “torch,” such as is used on
the ““Mobile,” and several other well-known steam carriages. It
consists, briefly, of a continuous iron tube bent double at the
centre, as shown, and having a cock and screw head at one ex-
treme and a tapering nozzle at the other. This instrument is
held in the fire of an ordinary stove, or over a fire kindled with
cotton waste saturated with gasoline, until it reaches a tempera-
ture usually described as a “sizzling heat,” which is to say the
point at which any moisture applied to its surface will occasion

D
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Fia. 219.—The Perrott Improved * Torch ™ Head. The frame, H, is permanently attached
to the nipple of the ulator gasoline outlet at B. At its top, H carries the screw
N, with the cup-shaped clamp end, J. The spherical head, t, having the internal
channel, F, is attached at the end of one leg of the ‘‘ torch™ by the neck, @. When
the *‘ torch" is heated and inserted in the burner space, the head, E, is placed in pesi-
tion, a8 ehown, and secured by the screw clamp, so that the channe F, connects
direct with B, thus permitting gasoline to flow into the *‘ torch' tubes. e particular
advantages claimed are the absence of movable screw joints, which are apt to suffer
from heat, and also the avoidance of all packing.
the familiar “sizzle,” noted when water is dropped on a stove lid.
It is a heat just below the point where iron begins to redden.
Some authorities advise that the “torch” be heated to a “dull
red,” as that will give a better temperature, when it is inserted in
-the burner.
The “torch,” having been heated, its double bent tube is in-
serted in an aperture in the burner casing, designed to receive it,

the screw and valve end being attached at an aperture controlled
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bythe pinvalve and hand-wheel, B,in the sectional cut of the auto-
matic regulator, and its nozzle being imserted in the same aper-
ture as is penetrated by the nozzle controlled by the pin valve
and hand-wheel, 4, in the same figure. This done, the handc
wheel, B, is turned, so as to open the needle valve at the end of
its stem, as far as is required ; thus admitting liquid gasoline into
the double bent tube of the torch through the screw and valve
attachment. The result is that, passing through the heated tube,
it is vaporized ; sufficient gas being presently generated to allow
the burner to be ignited by a match or paper lamplighter thrust
through an aperture prepared for that purpose. The merits of
this arrangement are obvious, although it has been repeatedly

F1a. 220.—S8tarter Box and Diaphr: Regulator of the *“ Dayton " Burner. The parts
are: A, segmental plate and collar at opening of the mixing tube; B, thimble on
starter box containing supply pipe to the mixing tube and burner; C, starting valve;
D, knuckle joint for connecting control valve to driver's seat; E, head piece of the
diaphragm regulator. .

objected to on the ground that it is a rather clumsy and incon-
venient arrangement, requiring, as it does, some stove or fire to
produce the required heat.” Thus several steam carriage burners
have other devices for accomplishing the end of producing gas
for the burner before the main vaporizing tubes are heated.

An Auxiliary Coil Starting Device.—The starter used with
the “Dayton” burner, already described, is shown in an accom-
panying cut. There, as may be seen, a small box, called a “starter
box,” is attached at one side of the burner. It contains a short
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coil of tubing, into which liquid gasoline may be admitted by
opening the valve marked, *“starting valve.” A few drops of
liquid gasoline are then allowed to drip into the “starting cup,”
beneath the coil, and this, set on fire, will speadily generate suffi-
cient gas to light the pilot burner, from which, in turn, the main
burner may be kindled as soon as the vaporizing tubes are suffi-
ciently heated. As soon as this point is reached the needle valve

Fig. 221.—Base of Boiler and Burner of the * Reading ** Carriage, showing regulator and
starter coil in position. A is the burner case; C,the hand-wheel controlling the valve
to the mixing tube: D, the hand-wheel controlling the valve to the auxiliary vaporiz-
ing colil, E; F, the diaphragm regulator.

to the main burner, shown at the right hand of the starter box,
is opened, admitting gas through the nozzle into the mixing tube.
By closing this valve the main fire may be shut off, as desired,
although the pilot light continues burning, until extinguished by
shutting off its supply of gas, which is never modified in any way,
being out of reach of the automatic regulator controlling the fuel
feed to the main burner.
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“Reading” Coil Starter.—A somewhat similar starting device,
used on the “Reading” carriage, is shown in an accompanying
figure, which gives a view of the base of the boiler, with burner
and automatic diaphragm regulator attached. As may be seen,
the gasoline, fed from the tank and passing down through one
flue of the boiler, enters the burner apparatus at the point
marked, X, where its inflow may be regulated by the needle
valve, carried on the stem of the pressure head, as already ex-
plained. In order to start the burner a small amount of alcohol
is poured into the cup, E, above which, as shown, is a coil of very
small tubing. As soon as this coil is sufficiently heated, the valve,
D, is opened slightly so as to admit gasoline into the tube.
This, flowing around, is vaporized, and then being led off by the
connecting tube to C, enters the mixing tube; sufficient gas be-
ing thus generated, before the alcohol is burned out, to supply
fuel for lighting the burner. Since the flame, thus produced, is
sufficient to vaporize the gasoline in the loop of tubing which
passes directly over the burner, the valve, C, may soon be opened
—this should be done slowly and carefully—and gas admitted to
the mixing tube, shown at G, beneath the burner.

The design of this burner differs from many others in the fact
that the mixing tube is thus placed below the structure instead of
entering at the side, as shown in other figures. It may be readily
seen that it consists of two tubes telescoped together, so as to
permit of necessary variations in the distance between burner
and connections. A slight slope from the centre serves to keep
any liquid gasoline that may escape from entering the burner,
where it might cause trouble. A pilot light is also attached to
this burner, which, as in other types, burns continuously, reignit-
ing the gas as soon as the flame goes out.

The Kelly Vaporizer and Burner.—The preliminary vaporiz-
ing device used on the Kelly burner, and also sold for attach-
ment to others, is equally interesting in operation. A “genera-
tor” bhox, attached to the outside of the burner casing, encloses
a portion of the tubing leading from the supply pipe and gaso-
line tank, and also attachments for the various valves. The
bottom of this box contains a drip cup, and is arranged to open
on a hinge, so as to allow of attaching an adjustable alcohol
lamp, as shown in the accompanying cut. In order to begin the
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process of vaporizing the fuel previous to lighting the burner,
the movable drip cup and bottom of case is opened out, as
shown at C in the cut, and the alcohol lamp, K, is hung beneath
the opening. A flame is kindled in this lamp, and, after it has
burned several minutes, the “sub-flame valve,” D, is opened,
and the lamp removed. At this point it is possible to ignite the
vaporized gasoline at the opening of the “sub-flame valve,” by
applying a match through the small drop door shown near the
top of the generator box. After the flame has burned about a
minute m~re, the main fire valve may be opened, slowly at first,

Fig. 222.—The Starter Box and Control Valve of the Kelly Burner. A, union joint to sup-
p}y pipe; B, gas orifice len.din%direct to the main burner; C, drop drip cup and bottom
of case; D, sub-flame valve; E, check on valve to prevent turning by vibrations of
travel; F, packing nut on the main fire valve; G, knuckle joint to carry rod to seat;
H, opening to screw on the diaphragm regulator; K, the alcohol lamp hung in position
to start vaporizing and fire the burner.

in order that the burner and supply pipes may be thoroughly
heated. As soon as the burner is thoroughly started the small
door at the base of the generator is closed. In case the alcohol
lamp has been lost, the drip cup formed on the inner face of this
door, may be used for the preliminary vaporizing flame, by par-
tially opening it and igniting the contained gasoline with a
match. Gasoline may also be burned in the lamp in case no al-
cohol can be obtained.
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The Kelly burner, designed for use with this generator sys-
tem, is cast in one piece, the air and gas orifices being drilled
through the upper face plate. This construction is efficient in
preventing all warpage from heat.

An Automatic Gasoline Pump —As has already been stated,
the average practice in American steam carriages is to store the
gasoline in a tank under air pressurc—generally between 30 and
" 45 pounds—which is sufficient to force it through the pipes lead-
ing to the burner, as already explained. This arrangement in-
volves, however, that, so soon as the pressure falls below a cer-
tain point, it is necessary to raise it again, either with a hand
pump, or with some make of steam air pump, such as has been
described in the previous chapter. In either case the driver
must constantly watch his air pressure gauge, and act accord-
ingly. This fact has called the attention of several inventors to

Fi1a. 223.—The Kelly One-piece Cast Burner.

the desirability of constructing some kind of automatic pressure
regulator, in order to save the driver constant exertion. One
of the best known among such automatic devices is the Phelps
gasoline pump, of which an elevation and sectional view are
shown in accompanying figures.

Briefly described, the device consists of two parts: A plunger
pump and a double receiving chamber, two upright cylinders.
These two receiving cylinders are connected by a tube at their
bases; one of them being closed at the top, the other, in com-
munication with the inside of the pump barrel through the ver-
tical tube and hand valve, as shown in the illustration. The
pump proper is of peculiar design, having a simple plug piston
without a stuffing box or any attempt at perfectly tight connec-
tions. The up-stroke of the piston rod is by the motion of the
engine, attachment being made with a pin projecting from the
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crosshead to the swinging link marked C in the cut. The down
stroke is controlled by the spring, S, whose tension may be
regulated by the adjusting screw, N, through the shank of
which slides the piston rod, P”. In starting the gasoline circu-
lation system, a plug is removed from the top of the left receiv-
ing cylinder of the two shown in the cut, and the cylinder is com-

Fia. 2A4. Fia. 225.

F1a. 224.—8ection of the Phelps Gasoline Pump. X is the attachment for the operatin
lever; N, the adjusting screw for the spring; J, the cylinder; 8, the spring mount
on the rod, P”; P, the slide for the plunger: P, the plunger; K, entrance for gasoline.

Fia. 225.—Phelps Gasoline Pump F Apparatus. A is the tube leading to burner; B,
tube leading to gasoline tank; C, link for operating the pump by hand.

pletely filled with water. The pump is then started by hand, by
means of a removable link and handle, working on the slotted
head nut shown at the top of the piston rod. By this means
gasoline is forced into the cylinder through the tube connecting
to the pump, and acts to force the water through the cross-pipe,
connected at the base, into the right-hand cylinder, where it con-
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tinues to rise until the air cushion in that cylinder exerts a back-
pressure equal to that of the adjustable spring in the pump bar-
rel. The water also acts to prevent the air pressure cushion from
coming into contact with the liquid gasoline and being absorbed
thereby.

Since the barrel of the pump is in direct and unobstructed
connection with the fuel supply tank, the level of the gasoline
is the same in both, and, so long as the air pressure in the re-
ceiver cylinders is lower than that of the piston spring, gasoline
is constantly pumped into the left-hand cylinder, as already
stated, being fed thence directly to the burner. So soon as the
pressures of air .cushion and spring become equal, the feeding

F1a. 225a.—One Model of the ** White ' Steam Carriage.

of gasoline to the cylinder ceases, and the piston remains in an
elevated position. Since, however, the capacity of the pump is
many times greater than the requirements of the burner, it fol-
lows that, with any adjustment of the pressure, it must be out
of action during a greater portion of the time, the gasoline be-
ing then fed under the air pressure in the receiver cylinder, until
that falls again below the predetermined point.

Among the advantages claimed for this device are: The au-
tomatic regulation of the air pressure; the absence of by-pass
valves, stuffing boxes, auxiliary pumps, hand air pumps; the
fact that only one pint of gasoline is held under pressure at any
one time, and, also, that exactly the required amount is being
pumped, no more and no less.



CHAPTER SEVENTEEN.

STEAM AND ITS USE AS A MOTIVE POWER.

The Jeneral Situation on Steam Using.—In recognizing
and applying practically the fact of the expansive energy of
steam, Watt earned his title, inventor of the steam engine. All
that has been done since his day is to still further enlarge on
the principles applied by him: First, in the use of higher pres-
sures; second, in such structural improvements as have ren-
dered steam-using more economical and brought the engine to
the high point of perfection it now possesses. All these im-
provements in the direction of enlarged efficiency have been
made possible by a more perfect knowledge and closer observa-
tion of the laws governing the properties of steam at various
temperatures and pressures. For, although exhibiting divergent
properties in some particulars, steam may be treated and handled
according to the general laws of “permanent” gases—those,
such as air, oxygen, etc.,, which never pass into the liquid or
solid states under the natural physical conditions maintaining
on the earth’s surface.

On Steam and Other QGases.—In treating of gases in gen-
eral, we must bear in mind that modern science has apperently
succeeded in artificially producing liquid carbonic acid gac and
“liquid air”; but these results, as is well known, are achieved
by the production of. certain physical conditions which occur
naturally at no place on earth. While not digressing so far as
to attempt a description of the laboratory processes employed,
it is not too much to say that the results are achieved by com-
binations of extremely high pressures and extremely low tem-
peratures, such as must necessitate complete readjustment of
molecular conditions in the gases treated. . Just as permanent
liquids, such as water and mercury, assume the solid state at suf-
ficiently low temperatures, and just as permanent solids, such as
iron and flint, will assume the liquid state under sufficiently high
temperatures, so “permanent gases” become liquids when the
produced conditions are favorable. When, on the other hand,

250
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the physical, or molecular, state of a substance is changed, the
continuance of the new state depends upon the maintenance of
the conditions in which it was produced. Thus, when water is
changed into the vapor known as “steam,” by the action of heat,
it will return to the liquid state if the temperature is allowed to
fall sufficiently. For this reason, it is necessary to maintain the
cylinders of a steam engine at a temperature, at least, equal to
that of the incoming steam. For this reason, also, it is, in gen-
eral, impracticable to use steam of too high pressures—the pres-
sure and temperature rise on a certain proportional scale—since,
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Fia. 226.—A Simple Form of Steam Separator. The steam, admitted through the {)ort at
the left of the figure, strikes against the screen in the centre of the chamber, thence
following the direction of the arrows. Any condensation settles in the bottom of the
chamber, whence it may be drawn off by the ports there shown.

as cannot be avoided, the difference between its temperature
and that of the cylinder walls is so great that, during the period
of exhaust, a large part of it is condensed ; which means that the
advantage gained will sooner or later be counteracted. This
brings us to a consideration of the principles governing the gen-
eration and use of steam.

The Conditions of Steam Generation.—According to the cur-
rent hypothesis on the constitution of matter, a very essential
difference between the liquid and*gaseous states of matter is that,



. STEAM AND ITS USE. 261

in passing from the first to the second, the constituent molecules
of the substance are forced further apart. This seems to explain
the fact that, when a liquid passes into a gas, it not only “evapor-
ates” and disappears, but also fills a very much larger cubic
space. Moreover, the amount of this expansion—as measured
by the cubic content filled by the gas, as compared with that filled
by the liquid—is in proportion to the heat under the action of
which the water is vaporized. If then, a gas subjected to heat be
confined in some receptacle, so that it cannot occupy the space
properly belonging to it, it will show its tendency to assume that
volume by exerting a pressure in proportion to the temperature
in the receptacle. This is precisely what happens in a steam
boiler. The steam, when liberated from confinement, will con-
tinue to exert a constantly decreasing pressure, until it has
reached the volume properly resulting from its temperature, at
which point the pressure will be that of the atmospheric air. It
is this pressure, or natural effort to assume a greater volume—
hence to displace movable obstacles—that is employed in the
steam engine for producing motion and transmitting power.

The Forms of Steam.—In dealing with the general problems
of steam engine operation, we must recognize two kinds of
steani, or rather two conditions in which it is found and used.
The first is that known as “saturated” steam, which may be de-
fined as steam in contact with the water from which it has been
generated, and which has absorbed and holds, as “latent heat,”
the full number of thermal units necessary to completely vapor-
ize the liquid at the given pressure. The significance of the word,
“saturated,” is thus apparent—the steam holds in solution the full
quantity of heat theoretically needed to produce and maintain it
as steam. The second distinction of steam is “separated” steam,
which signifies steam mechanically separated from the generat-
ing liquid, so that, when fed to the cylinder of the engine, it is per-
fectly dry. As the process of separation properly involves the con-
stant maintenance of a high temperature, so that the process of
condensation may be prevented, the dry steam continues to ab-
sorb heat, above the point required for this end, and thus be-
comes what is known as “superheated” steam. )

When steam is properly separated and superheated, its expan-
sion and other properties, so long as the initial temperature is
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maintained, follows closely on the laws governing the actions of
permanent gases. This is true only in a limited sense of steam
that is still in contact with the generating liquid ; since, not only
does increase of heat within the generator, or boiler, tend to con-
tinue the process of steam production within small limits, but also
because the steam holds in suspension a certain amount of un-
vaporized liquid particles. From either or both these causes, its
coefficient of expansion is larger than that of dry steam. That
is to say, it undergoes a greater increase in potential volume, as
indicated by the consequent rapid proportionate increase in pres-
sure, within the generator, or heated receptacle. Another point
of difference—here it is that dry steam assumes the general
properties of permanent gases—is that saturated steam, when a
certain high point of pressure has been reached, tends to liquefy;
hence also preventing the heated water from giving off any more
vapor. Dry steam may not be condensed by pressure, so long as
the temperature is not lowered. On account of this law of pres-
sures, the evaporation of water by the sun, under atmospheric
conditions, is less rapid than at high temperatures; also, water
enclosed in a vacuum tube, where it is subjected to no pressure,
theoretically, may be boiled, producing vapor, at the temperature
of the human body (96° Fahrenheit).

The Law of Pressure and Volume of Gases.—The physical
properties of gases in general are defined by two familiar laws
—the first defining the degrees of volume and pressure at con-
stantly maintained temperatures; the second, the ratio of expan-
sion at a constantly increasing temperature. The first, known as
Boyle’s Law, states that THE VOLUME OF A GAS VARIES IN-
VERSELY AS THE PRESSURE, SO LONG AS THE TEMPERATURE
REMAINS THE SAME; OR, THE PRESSURE OF A GAS IS PRO-
PORTIONAL TO ITS DENSITY.

This law has frequently been illustrated by the following ex-
periment:

If we take a hollow cylinder, such as is used on steam engines,
having a piston sliding airtight in its length, we will find that the
contained air, or other gas, is compressed in front of the piston,
as it is forced from one end toward the other of the base, and
that this air, or gas, exerts a pressure which increases in ratio as
the volume is diminished. This fact may be shown by inserting
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in the wall of the cylinder a tube containing an airtight piston,
upon which bears a spiral spring holding it normally, as at 4;
the pressure there being supposedly equal on both sides of the
piston, or equivalent to 15 pounds per square inch. If, now, the

’5

Fia. 227.—Diagrammatic Section of a Cylinder illustrating the compression and expan-
sion of gases. This cylinder is filled with air at atmospheric pressure which repre-
sents a uniform 14.7 rounds to the square inch behind the piston, as shown by the
E)altlon o! the piston in the small cylinder, A. When the piston of the large cylinder

moved through half the length of the stroke, it shows 30 pounds pressure, as shown
by the position of the piston in small cylinder, B: when at three-quarters stroke, 60
pounds, as shown by position of the piston, C: when at seven-eighths stroke, 120
soundl. as shown by position of piston, D. At full stroke it would be 240 pounds, the
iagram behind the small piston giving the compression curve from 15 to 240.

area of this small piston be exactly one square inch, and the
spring of such a tension as to move upward through one of the
spaces between the lines on the diagram behind the large cylin-
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der with each ten pounds of added pressure from below, the re-
sult will be as follows: When the piston of the large cylinder has
been pushed through one-half its length, the depression of the
spring in the smaller one will show that the pressure is just twice
what it was at the start, or 30 pounds. At three-quarters the
stroke it will show 60 pounds, and at seven-eighths, 120 pounds.
If the four smaller cylinders be arranged in the wall of the cylin-

Fia. 228.—A Typical Steam Engine Indicator. It consists of a cylinder, shown at the
right, within whicli works a piston under tension of a helical spring ol predetermined
strength. The rod attached to the piston carries a pivoted arm which works on the
horizontal lever, shown at the top ofpthc cylinder. T’Iis lever carries a pencil bearing
against the rotatable drum, shown at the left. This drum is so arranged with usprins
that it may be rotated by the pull on the attached string. A sheet of paper is woun
on the drum and held in place by the spring clips. The steam pressure in the cylinder
acting on the spring enables the pencil to mark; the indicator card being traced by
the rotative movement of the paper drum.,

der, as in the accompanying diagram, the difference in pressure
at these several points may be graphically represented. Then a
curve, drawn so as to pass through the centre of each of the
smaller pistons, will give an accurate average of pressure for
every position of the large piston. On the other hand, as under
the operative conditions in a stcam engine, it will represent the
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“curve of expansion,” or the decrease in pressure from the mo-
ment of “cut-off,” when the inlet valve is closed to the end of the
stroke, when the exhaust valve is opened. If, therefore, steam be
fed into the cylinder at 200 pounds pressure per square inch, and
the inlet be closed when the piston has traversed one-eighth of
the stroke, the pressure will stand at 100 pounds on quarter-
stroke ; at 50 pounds on half-stroke, and, at 25 pounds on the
point of completed stroke, which shows that it is expanded four
times. )

The Steam Engine Indicator and Its Records.—The action of
the small cylinders containing springs and pistons, as just ex-
plained, very well illustrates the operation of the steam indi-
cator. With the simplest form of this instrument these cylinders
.are identical, except for a pencil carried on the uppermost end of
the piston rod, and bearing upon a suitable tablet, which is
moved backward and forward with the stroke of the steam pis-
ton. This is done by attaching the long arm of a reducing lever
to the crosshead, and the shorter arm to a link-bar which holds
the card, or tablet, to be inscribed. The several forms of the in-
dicator most often used at the present day have a rotatable drum,
which is attached by a cord to the short arm of the reducing
lever, so as to.be turned in one direction; being moved in the
other direction by a contained spring, which rewinds the cord,
so soon as the lever arm moves backward. Thus the records of
a great number of strokes may be taken on one sheet of paper—
wound about the drum and held on by clips—and there is no
danger of interrupting the process.

The records thus made, by knowing the dimensions of the cyl-
inder and the tension, or resisting strength, of the steam-actu-
ated spring, may be very accurately calculated for the entire
cycle of the engine. )

The Temperature and Volume of Gases —While it will be
hardly necessary to go into minute details regarding the laws of
gases, it will be well to briefly state the ascertained conditions by
which the volume is increased while the pressure remains con-
stant. Thus the “second law of gases,” called Charles’ or Gay
Lussac’s law, states that AT CONSTANT PRESSURE THE VOLUME
OF A GAS VARIES WITH THE TEMPERATURE, THE INCREASE BE-
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ING IN PROPORTION TO THE CHANGE OF TEMPERATURE
AND THE VOLUME OF THE GAS AT ZERO. By actual ex-
periment it has been ascertained that a gas increases on a
ratio of 1-493d part of its volume at 32° Fahrenheit, with each
additional degree added to its temperature. This places the “ab-
solute zero,” or the point at which a gas would assume its
greatest possible density at — 461°, Fahrenheit, or — 273°,
Centigrade. A higher degree of temperature within a closed re-
ceptacle, like a steam boiler, involves a higher degree of pressure
there, and in the cylinder to which the steam is fed, because of
the tendency to assume a greater proportional volume, al-
though, because of the several inevitable sources of lost heat,
no rule applies completely insthe practical operation of the steam
engine.

Determining the Temperature From the Pressure.—Tables
showing the “properties of saturated steam,” as far as regards
the volume, temperature, pressure, etc., are given in the appen-
dix, but the determination of these points is a matter of some
exactness of calculation. In order to explain the process for a
given diagram, say like the one already found for a cylinder ex-
panding 1-10 pound of steam from 120 pounds per square inch
pressure to atmosphere, we can do no better than quote from
Forney’s “Catechism of the Locomotive.” He says: “If the pis-
ton stand at the point shown in the previous figure, and 1-10
pound of water be put into the cylinder, and heat be applied to
it, it would be necessary to heat the water to 212° before it would
boil. To represent this heat, the vertical line, JK, is extended
below the horizontal line, 4J. To heat 1-10 pound of water to
212° takes 21.2 units of heat,”—since one unit of heat is re-
quired to raise one pound of water at 39° Fahrenheit to one de-
gree above—*“which is laid off from J to J’ to the scale repre-
.sented by the horizontal lines. But, as is shown in the table in
the appendix, after the water begins to boil, 96.6 more units of
heat must be added to it to convert it all into steam of atmos-
pheric pressure. This number of units of heat is, therefore, laid
off from J' to J”. 1f the piston be moved to E, the middle of the
cylinder, and 1-10 pound of water is again put into it, and it is all
converted into steam, it will have a pressure of 30 pounds per
square inch, as it occupies only half the volume that the same
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quantity of steam did before. To make water boil under a press-
ure of 30 pounds, it must be heated to a temperature of 250.4°,
which in this case will require 25 units of heat, which is laid down
from E to E'. To convert the water into steam, after it begins
to boil, will require 93.9 more units of heat, which is also laid
down from E’ to E”. In the same way the total heat to boil and
convert 1-10 pound of water into steam at 60 and 120 pounds
pressure, as shown in the appendix, is laid down on C C” and
B B”, and the two curves, B C' E’ J' and B” C” E” J”, are drawn
through the points which have been laid down. The vertical dis-
tance of the one curve from A J represents the heat units re-
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F1e. 229.— Diagram showing the number of heat units required to raise one-tenth pound
of steam under the various pressures indicated by the posmon of the hton at full
stroke, half stroke and seven-eighths stroke. In using this
to note that the heat units are calculated from —1° Fnhmnhelt lnltosd ot from
as is the general rule.

quired to boil 1-10 pound of water at the pressures indicated by
the curve in the previous figure, and the vertical distance of the
second curve from A J represents the total units of heat re-
quired to convert 1-10 pound of water into steam of a volume in-
dicated by the horizontal distance of any point of the curve from
A A", and when pressure is indicated by the expansion curve
above. This curve and the heat diagram may be very conveni-
ently combined by adding the latter below the vacuum line of the
former. The relation of the volume pressure and total heat is
thus shown very clearly.”
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The Practical Effects of Steam Expansion.—A principle rec-
ognized as fundamental in steam engine practice is that the
work-produciug, or dynamic, property of a gas depends solely
upon its temperature. This is, substantially, a statement of
Joule’s law, which compares the temperature of a gas, enabling it
to exert a certain amount of power, to the stored energy repre-
sented in a body of a certain weight raised to a certain height
above the ground. The body, in falling under the force of
gravity, obtains a certain degree of acceleration, constantly in-
creasing, by which the weight falling through the given distance
is transformed into a force capable of producing a commensurate
effect of impact on reaching the earth’s surface. This potential
energy of a substance, represented either by an acquired tem-
perature or some analogous physical condition, which, under
favorable circumstances, would enable the production of a defi-
nite amount of work, is known as “entropy.” Could the whole
power of a heated gas be realized in its expansion—which is to
say, could its expansion be perfectly “adiabatic,” or “isentropic,”
involving neither gain nor loss of heat in the process—we should
have a theoretically perfect expansion curve on the practical
steam engine. This is impos:ible, however, with the best ar-
rangements yet contrived. Hence it is that the expansion
curves of all engines fall far below what is demanded by theory
from the original temperature and pressure of the steam, which
involves that the final volume and the actual work accom-
plished are correspondingly diminished.

To quote from an authority on steam engines, “as we can-
not take into consideration all the conditions which govern
and modify the cycle of any motor, the usual practice is to calcu-
late the power on the assumption that all theoretical conditions
are complied with, and then modify the result by a certain co-
efficient of efficiency which practice has established for the par-
ticular type of motor under consideration.”

The Indicator Diagram and the Engine Cycle.—The opera-
tive efficiency of an engine may be very well determined from
the indicator diagram, which gives a pictorial representation of
the internal conditions throughout the entire cycle of opera-
tions. As given by a noted authority, already quoted, the dia-
gram tells us eleven different things essential to be known:
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(1) It gives the initial pressure, or the pressure at beginning of
the stroke. (2) It tells whether the pressure is increased or di-
minished during the period of admission. (3) It gives the point
of cut-off, when the valve is closed and expansion begins. (4)
‘It 'indicates the rate and pressure of expansion during the whole
period of expansion. (5) It gives the “point of release,” when
the exhaust is opened. (6) It shows the rapidity of the cxhaust.
(7) It gives the degree of back-pressure on the piston, due to the
exhaust having closed, preventing further expansion. (8) It
“shows the point of closing the exhaust. (9) It shows the com-
pression of the residual steam in the clearance after closing the
exhaust. (10) It gives the mean power used in driving the en-
gine. (11) It indicates any leakage of valves or piston.

Frla. 280.—Diagram of the Cycle of a Steam Engine. The dotted circle indicates the path
of the crank: the arrow, the direction of rotation. The admission begins a little be-
fore the completion of the stroke; the cut-off is set somewhat less than quarter-
stroke; release, or opening of the exhaust, at somewhat over half stroke; closing of
the valve at the point marked ‘‘ compression,” after which the steam behind the
piston is compressed in the clearance until the opening of the inlet valve.

The cycle of operations in a steam cylinder consists of four
stages: (1) Admission; (2) expansion; (3) exhaust; (4) compres-
sion.

The indicator card (Fig. 232), which is drawn to illustrate the
average conditions in an efficient low-pressure cylinder, shows
the pressures at various points in the cycle. At line 1, the press-
ure of the steam in entering the cylinder is shown rising from
a point of no pressure to 57 pounds, the curve in the vertical line
indicating a back pressure of at least three pounds at the. be-
ginning of the admission, as shown by the fact that, at line 2, the
pressure stands at 60 pounds. and, at line 2. just after the closure
of the admission valve, at §8 pounds. The engine from which
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this diagram is taken has its cut-off at a point somewhat less
than quarter stroke. After the point of cut-off, the pressure falls
steadily, as indicated by the droop of the expansion line, until
at ordinate, 10, it shows 13.75 pounds to the square inch. At this
point the exhaust valve is opened and so continues during the
return stroke, while the steam pressure is being exerted on the
opposite face of the piston, until the pressure on that side of the
piston is reduced to 3 pounds, absolute.

The second diagram, an actual tracing from the intermediate
cylinder of a triple expansion engine, gives a good idea of the
appearance of an average card for a double-acting cylinder. As
will be seen, the figure is nearly duplicated in reversed position.

7[---------.
_---7/_-__-------

[N ——— S

s

7L.______.__.

__-__-____/__
-__..-_..7A2-__
‘““f/‘“““"

--——-—-———--7\-

|
]
1
|
|
|
|
|
)
|
|
)
)
1

[}
1
1

F10. 281.—The Cycle of a Steam Engine, as shown bx the Indicator Card. On this tracing,
the admission is shown from A to C; the cut-off at C; the expansion curve from C to
R; the release, or opening of the exhaust, at R, exhaust continuing from R to B; clos-
ing of the exhaust valve at B; c« ion of the residual steam in the cylinder clear-
ance, from Bto A. The figures on the left-hand vertical line indicate the gauge -
ures. This diagram shows the operative conditions in a ** high-pressure™ cylinder;
Fig. 282, 1n a ** low-pressure* cylinder.

It would be identical if the cycular conditions were perfect, and
if the valve were perfectly adjusted.

Reading an Indicator Diagram —The simplest method of
reading a diagram is to rule equidistant lines from the vertical
initial pressure line, so as to divide it into ten equal parts, or
areas. Ordinates, indicated by the dotted lines, are then ruled
between these, and given a value equivalent to the average of
pressure represented by the lines on ecither side, as indicated by
the point of contact with the admission line and the expansion
curve. Thus in the single “low-pressure” diagram the three
ordinates ruled on the admission line have each a value of 77
pounds, which represents 80 pounds less 3, back pressure. The

—_—
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fourth, touching the expansion curve at the point of 57 pounds,
is marked 54 pounds; and so on to the tenth ordinate. The
sum of the ordinates (449 pounds) divided by this number (10),
gives 44.9 pounds per square inch as the mean effective pressure
throughout the cycle, or the average of efficient pressure ex-
erted on the piston, while the actual pressure is undergoing a
steady fall from 77 pounds to 18 pounds, absolute. In similar
fashion the diagram for both strokes is ruled off and estimated,
the figures at the top of the figure indicating the cycle of press-
ure changes for the right-hand stroke, those at the bottom the
cycle for the left-hand, or return, stroke.
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Fi1o. 232.—Ideal Indicator Card for a low- , or condensing, engine, showing the fall
of preesure below the atmospheric line. As shown in this cut, the effective steam
pressures at the various points in the cycle vary between a maximum of 60 pounds
and 13.75 pounds to the square inch before the opening of the exhaust. The sum of
the ten res for pressure is 847.78, which, divided by 10, gives 34.775, as the expres-
sion for the mean effective pressure. Because of the use of a condenser to reduce the

k pressure, this fizure represents the actual effective working pressure less 8
pounds, as indicated on the diagram.

Pressures and Temperatures of Steam.—In order that the
steam-carriage driver may understand by a glance at the gauge
what temperature is in his boiler, the following table of ordinary
pressures is given:

Pressure. Temperature. Pressure. Temperature. Pressure. Temperature.
15 lbs. — 212° F. 55 1bs. — 288° F, 100 lbs. — 330° F.
20 lbs. — 228° F. 60 lbs. — 294° F. 105 lbs, — 333° F.
25 lbs. — 241° F. 65 lbs. — 29q9° F, 120 lbs. — 343° F.
30 lbs. ~- 252° F. 70 lbs. — 304° F. 135 lbs. — 352° F.
35 lbs. — 261° F. 75 lbs. — 309° F. 150 lbs. — 362° F.
40 lbs, — 268° F. 8o lbs. — 313° F. 165 lbs. — 369° F.
45 lbs. — 275° F. 85 Ibs. — 310° F. 180 lbs. — 375° F.
50 lbs, — 282° F. go lbs. — 322° F,

195 lbs, -— 383° F,
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Power Estimates from the Steam Consumption.—Referting
to the tables on the properties of saturated steam, given in the
appendix, we find a means of determining the power capacity of
the engine from the diagram. Thus, taking the initial pressure
in the cylinder, 77 pounds, we find it equivalent to a tempera-
ture of 309.3°, Fahrenheit ; taking the final pressure, 18 pounds,
we find it equivalent to a temperature of 222.4°, Fahrenheit, and,
the mean effective pressure, 44.9 pounds, to about 274°. This
temperature represents about 1197.4 heat units per pound of
water, which is equivalent to 924,392.8 foot-pounds; estimating
772 foot-pounds per thermal unit. Therefore, a-cylinder, such
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'1a. 283.—Card from the intermediate pressure cylinder of a triple expansion engin
with figures for pressure at the various points in the cycle. This is an average gooﬁ
diagram for a double-acting cylinder. The mean effective gsresaure is found, as fol-
lows: 151.70 4- 162 = 813.70. Divide this by 20, we have 15.685 lbs. -~ M. E. P,

as is mentioned in the quotation from Forney, which can con-
tain one-tenth pound of steam per stroke at a mean pressure of,
say 44.9 pounds, as per above diagram, will develop at 200
revolutions, or 400 strokes, per minute, a horse-power shown by
the following formula:
92439.28 X 400

33,000 =1120.48.

Elements in Estimates on Horse-Power.—As a moment’s
reflection will readily reveal, the elements entering into the es-
timate of an engine’s horse-power are the effective temperature
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of the steam, as indicated by the mean pressure throughout the
stroke; the content of the cylinder, as indicated by the length
of the stroke and the area of the piston; and the number of revo-
lutions per minute. The product found by multiplying these
factors will give the number of foot-pounds made available;
which expression, divided by 33,000, gives the indicated horse-
power.

The denominator, 33,000, expresses the number of foot-
pounds per minute in a horse-power. Thus, a horse-power is
such a force as can lift a weight of one pound through 550 feet
in each second, or, such as can lift a weight of 550 pounds
through one foot in each second. This force constantly exerted
through one minute, or sixty seconds, can lift 33,000 pounds
through one foot, or one pound through 33,000 feet. Since,
however, the action involves motion, it is cumulative in both
time and space; requiring an increased area of operating surface,
or an increased length of time, or both, to accomplish work in
excess of the figures given. Thus, an engine exerting pre-
cisely one effective horse-power can raise 10 pounds through
only 3,300 feet per minute, or 55 feet per second, and requires
10 minutes or 600 seconds, to raise 330,000 pounds through the
vertical distance of one foot. To so enlarge the capacity of an
engine that it can do ten times the indicated amount of work
in a given space of time, or, so that it can do the indicated
amount of work in one-tenth that given time, involves that the
cubic content of its operating chamber, or cylinder, be propor-
tionally increased, in order that ten times the amount of steam
may be utilized in a given time, or for the accomplishment of a
given work at each stroke of the piston. For it is evident that a
mean effective pressure of 45 pounds per square inch means go
pounds available pressure with a piston area of two square
inches ; 180 pounds available pressure with a piston area of four
square inches, and 22.5 pounds available pressure with a piston
area of 1-2 square inch.

First Rule for Calculating Horse-Power.—On the basis of
these evident principles, two simple rules may be derived for
calculating the indicated horse-power. This, however, is always
in excess of the actual efficient horse-power, as will be subse-
quently explained. While there are numerous formule for
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determining this point, one of the most familiar is as
follows:

(a) Find the area of the piston by multiplying the square of a
radius in inches by 3.14159 (ratio between circumference and
diameter). ’

(b) Find the pressure in pounds on the piston by multiplying
the area by the mean pressure per square inch.

(c) Find the length in feet traveled by the piston per minute,
by multiplying the length of the stroke in feet, or fractions of a
foot, by twice the number of ascertained revolutions of the crank
shaft per minute. This equals the number of strokes per minute
for a double-acting cylinder.

(d) Find the foot-pounds available during the given space of
time (one minute) by multiplying the pressure, in pounds, by the
length traveled by the piston, in feet.

(e) Find the I. H. P. (indicated horse-power) by dividing this
last product by 33,000.

The formulais: PLAN

33,000 = I. H. P.;

P being equivalent to the M.E.P. (mean effective pressure) in
pounds per square inch.

L being equivalent to the length of the stroke in terms of feet.

A being equivalent to the area of the piston in square inches.

N being equivalent to the number of strokes of the piston, or
twice the number of revolutions of the crank-shaft, per minute.

The element of speed, as expressed in terms of strokes, or
revolutions, per minute, is important, and fundamental, in es-
timates on power, since, as must be evident from what has al-
ready been said, the superior power-capacity of one engine over
another consists principally in being able to do, for example,
ten times the work in a given time, or to do the same work ten
times as fast. Therefore, an engine that can propel a given mass
and weight of machinery at 300 revolutions of its crank-shaft
and fly-wheel, per minute, is evidently three times more power-
ful than another engine which can move the same mass and
weight of machinery at only 100 revolutions per minute. Con-
sequently, in forming the expression for the horse-power ratio
of any given engine, the other essential factors of the numera-
tor are to be increased, as the number of times per minute the
engine performs its complete cycle.
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The lean Effective Pressure.—The mean effective pressure
(M.E.P.) may be calculated from the indicator diagram, as
above explained, but it may also be found by knowing the initial
steam pressure in the cylinder and the point of cut-off. Thus,
as given in the table, entitled, “T'o find the M. E. P. of a Steam
Engine,” included in the appendix, we may take any initial
pressure given in the first column, and follow the horizontal dis-
tance to the column corresponding to the number of times the
steam is expanded. Thus if the initial pressure be 150 pounds,
and the steam be expanded five times, we have a mean effective
pressure of 78.30 pounds absolute, which, if the engine ex-
hausts to atmosphere, must be diminished by 15, representing
the back-pressure, giving 63.30.

To apply the formula given above to the calculation of an en-
gine of, say, three inches piston diameter; four inches stroke;
63.3 mean effective pressure, and 200 revolutions per minute, we
have:

63.3x.333x 7.0686 X400 _ ; o9 1. H. P.
33,000

In this expression 63.3 represents the M.E.P. calculated as
above; .333, the fractional expression in terms of one foot for
four inches; 7.0686, the area of a circle whose diameter is three
inches; and 400, the number of strokes per minute for a double
acting cylinder at 200 revolutions of the crank-shaft. The result
is, approximately, two horse-power, which, multiplied by 2 to
represent the two cylinders, as in most steam carriage engines,
gives an indicated horse-power of about four, which is fairly
representative.

Second Rule for Calculating Horse-Power.—A second rule
for computing the horse-power of a steam engine gives the prod-
uct of :

(a) The square of the piston diameter.

(b) The length of the stroke in feet.

(c) The number of strokes per minute.

(d) The M. E. P. per square inch.

() The constant, .0000238.

Computing for the engine mentioned above, we have:

9%.333 X400 63.3 X.0000238=1.804-.



CHAPTER EIGHTEEN.
CONSTRUCTION AND OPERATION OF A STEAM ENGINE.

The Slide Valves of a Steam Cylinder.—The mechanism by
which steam is admitted to the cylinder of a steam engine, con-
sists of a sliding valve of such a shape as to open communication
from one end of the cylinder to the exhaust, while the other end
of the cylinder is receiving steam direct from the steam chest.
This will be readily understood from the accompanying illus-
tration. There are two kinds of valves in common use on steam
carriage engines; the common D-valve shown herewith, and the
piston valve, as shown in a number of engines hereafter to be
described. The object obtained by both valves is the same, al-
though the piston valve is preferred by many engineers because
it is better balanced in its operation, and also because, owing

& ”
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Fi1a. 234.—8lide Valve of a Steam Engine, showing tion after cut-off of steam from
right-hand end of cylinder, the exhaust continuing full from the left-hand end.

to its packing rings, it is less liable to leakage. However, with a
well-made valve of either variety, the ends of economy and
durability are equally maintained.

The Piston of a Steam Engine.—The piston of a steam engine,
as shown in an accompanying figure, usually consists of a flat-
tened cylindrical piece of slightly smaller diameter than the bore
of the cylinder, in which it slides. Steam-tight contact is ob-
tained by springing packing rings into grooves cut in its cir-
cumference. The accompanying cut shows three such rings
sprung on the piston. The steam admitted through the inlet
valve bears upon one face of the piston, and by its expansive
energy causes the piston to move. As may be understood,

e
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however, from the fact that the piston rod is attached to one face
of the piston, the bearing surface of the steam is decreased as
the area of the rod. This item must be considered in exact cal-
culations on engine horse-power, although for ordinary pur-
poses it is negligible.

The Operation of the Slide Yalve.—The valve controlling the
inlet and exhaust ports of a steam cylinder is made of such
length that, when in mid-position, it completely closes both
inlet ports, neither admitting steam nor allowing it to be
exhausted. In the valve shown on the accompanying sec-
tional cut, it is evident that, supposing it to be moved
either to the right or to the left, the communication will be
opened with the exhaust port on the one side, sooner than with
the steam chest on the other, thus permitting with a very slight

Fia. 285.—The Piston of a sdeouble-actlng steam engine, showing method of connect-
ing the piston rod, and the position of the packing rings. The parts are: a, a, the
my b&f. rl::e?iv’fl'lan t;.hlt’a' b, tl;g clrgmfn{le‘re;noc; aring the packing rings; c, ¢, the cen-

g coned end of the rod.
variation in the length of the stroke, that the exhaust remain
open even while the inlet of the steam to the opposite face of the
piston is cut off. In calculating the operation of cylinder valves
there are two important items to be considered—the “lap” and
the “lead” of the valves. The “lead” of a valve is the amount
by which the steam port is open when the piston is at the begin-
ning of the stroke. According as this is more or less the inlet
of steam is varied through the several fractions of the stroke.

The lead may be changed either by cutting down the lap of the

valve, or by varying the stroke length of the valve and its rod.
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The “lap” of a valve indicates any portion added to the length
of the valve, so as to increase the portion of the stroke during
which the ports are covered, beyond that length which is posi-
tively required to insure the closing of all ports when the valve
is in mid-position. There are two kinds of “lap.” The “outside
lap” is any portion added to the length of the valve beyond that
necessary to cover both inlet ports at mid-position. The “in-
side lap”-is any portion added to the hollow or inside portion of
the D-valve, over and above what is necessary in order to cover
the inner edges of the steam ports, and to close the exhaust port
from both sides when the valve is in mid-position.
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F10. 236.—Diagrams illustrating the * Lap" and  Lead ' of a Steam Cylinder sudo Vdve
In both sections, S and 8 are the steam port.s, and D the exhaust.
illustrates the ‘‘laps” of a valve; the 8 between the lines C a.nd £ vlng the
‘* outside lap,” ' an between the lines X and I the * inside lap.” The lower section
fllustrates the ““lead " of & valve; the space between lines B and Y showing the open-
ing of the valve at the beginning of the right-hand stroke.

As already suggested in the previous chapter, the exhaust
valve is closed somewhat before the completion of the stroke,
thus allowing the residual steam in the clearance to be com-
pressed somewhat before the opening of the inlet. The most
important result obtained in this manner is that the compression
produces a temperature, as near as possible, the same as that
of the incoming steam, which is an efficient factor in heat
economy, although producing some back pressure that slightly
reduces the M. E. P. Another important consideration is that
a soft cushion is thus provided for the forward-moving piston,
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which acts to save unnecessary wear on the crank and other mov-
ing parts, as is most essential in a small engine.

From the operations of this valve and cylinder, it must be
evident that its stroke cannot be equal to that of the piston in
the main cylinder. It cannot, therefore, be operated direct from
the crank-shaft of the engine. Accordingly, the most usual
method of operating the steam valves of an engine is by an
eccentric on the main shaft, which operates the valve rod. This
device may be either a single or double eccentric, according to
the requirements, but when ready reversal of the engine’s mo-
tion is desired, as in the case of a locomotive or marine engine,
the double eccentric with the shifting, or Stephenson, link is most
generally used.

Fia. 287.—8ection through a Steam Cylinder and Valve Chest, showing . A is the
cylinder; B, the steam chest; Cand C, the cylinder heads; D. the stufing box; a and
a, the pmking gland; c, the piston rod: E, the exhaust port: 8 and S. the steam ports:
V’, the slide valve; e, e, the packing gland, held in place by screws in this engine.

The Eccentric Gear and Link T[lotion —An eccentric is
a circular piece of metal, a wheel in fact, except for the fact that
instead of turning upon its centre, it is attached to the shaft at
a point near its periphery. Around this disc-shaped piece is
attached a circular metal strap, joined to a rod, which may be
either attached direct to the valve rod, or, where two eccentrics
are used, to one end of the swinging link. The link is an arc-
shaped metal piece, usually made with a slot through the greater
part of its length. It is hung from its centre point to a link-
saddle, which, as shown in the accompanying figure, is bolted
to either side of the slot and is suspended from the link-hanger
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either above or below. Within the slot is set a link-block, as
it is called, so that it may slide in the slot through its entire
length, whenever the link is raised or lowered on its hanger.
To this link-block is attached the valve rod. The general ar-
rangements of the link motion may be understood from the
accompanying illustration.

The Operation of the Shifting Link.—As already stated,
the link motion was originally intended only for reversing the
engine, which is to say to enable the steam to be cut off from

Fia. 238.—Diagram of the Link Motion and Eccentric Gear of a Steam Engine. The parts
shown are: (1) backward eccentrie; (2) forward eccentric: (3-4) eccentric rods; (5)
slotted shifting link: (6) link hanger; (7) reversing arm; (8) link saddle pin; (9) link
block; (10) valve stem; (11) reach rod. The position shown in the cut indicates that
the backward eccentric is in gear which gives a reverse motion to the engine.

one side of the cylinder and admitted to the other, whenever de-
sired, by shifting the motion of the slide-valve. In addition to
this function, however, the link motion provides a means for
using the steam expansively, when cutting off the supply of live
steam at any earlier point in the piston stroke, which act is ac-
complished by reducing the travel of the slide-valve. When
the link-block is at one end of the slot, the valve receives the
motion of the eccentric rod attached to that end of the link, and,
conscquently, since the links are set at angles somewhat greater
than 180 degrees, the one is for the forward motion of the en-
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gine, the other for the reversed motion. In the accompanying
illustration, the backward eccentric is in gear. By this means,
whenever the link is shifted, only the eccentric whose rod stands
opposite the link-block imparts its motion to the valve. The
other is practically inactive, except for imparting a slight oscil-
latory motion to the link, which in general practice is negligible.
The link which is in gear acts, in reality, like a short-throw
crank, or as if it were a single eccentric. From the position of
“full-gear”—that is, when the link-block stands at either end of
the slot—the travel of the valve may be more or less modified
until the centre point of the slot is reached, which point is called

///"-‘\‘ c

" eo-e]

Fie. 239 —Diagram of the Operation of the Link Motion. The centres of the two eccen-
trics being at 4 and 8, the crank pin at 2, the link at mid-gear, the eccentric rods
will be indicated by the full lines, 4-6, 8-10. When the crank pin is at 1, the centres
of the eccentrics will be at 8 and 7, and the positions of the s on the dotted lines
3-5and 7-9. The distance, D, indicates the vertical distance between the centres of
the eccentrics in the fuil and dotted-line positions. If from the centre, 8, with the
rod as the radius, an arc be drawn to F, the distance, C, shows the position of thelink
if both rods were * open ” with the crank at the cylinder end, 2, instead of at the op-
posite dead centre, 1. The distance, C, is equal to the distance, E, and the total dis-
tunce (D4 E) that the valve moves is twice the lap, plus twice the lead, plus the
distance, or angularity, occasioned by the rods being crossed, when the crank is on
the cylinder end dead centre, £, becoming opened when the crank is at dead centre, 1.

mid-gear. There the travel in either direction is so slight that

the steam and exhaust ports of the cylinder are not opened. This
is in reality the “dead point,” and further shifting of the link
in the same direction begins the process of reversing by increas-
ing the travel of the valve in the opposite direction. When at
mid-gear the valve partakes of the motion of both eccentrics
equally, but since their motion describes a cassinian, or flattened
figure 8, laid on its side, of which the link-block is the centre, the
motion is at its point. Although this general movement is con-
tinued so long as the engineis in operation, it is reduced to prac-

tical zero at the link-block sct at full gear.
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When the link is at full gear, the travel of the valve is equal
to twice the throw of the eccentric, less the angularity of the
eccentric rod. When the link is at mid-gear, the travel of the
valve is equal to twice the lap and lead of the valve, plus twice
the angularity of the eccentric rods. By the angularity of the

Open Rods

"\M1d gear link block here

_ LRl gelaw LinkBlock here

Fr0. 240.—Diagram showing the positions of the eccentric throws and rods at full gear
and mid-gear, when the rods are ‘‘open' and **crossed " with the crank at the for-
ward dead centre, marked 1 in the previous cut.

eccentric rods is meant the distance the centre of the link or the
valve would move, should the rod of the geared eccentric be
disconnected from it and connected with the other link. The
amount of the angularity thus, of course, varies with the length
of the rods. The shorter the rods, the greater the travel of the
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valve, owing to the crossing of the rods during a one-half revo-
lution of the crank. When the eccentric rods of a direct con-
nected link motion are disposed as shown in the accompanying
diagram, and the link motion and gear of the crank is at the
dead point marked 1, the rods are said to be open. If they are
disposed as shown by the dotted lines in the same figure, and
the crank is at the dead point, 2, they are said to be crossed.
There is, however, an important difference in the operation in-
volved in the relative positions of the rods to the crank, as shown
by the travel of the steam valve, since rods which are open at
the specified point give an increasing lead from full-gear towards
mid-gear, while rods crossed at that point give a decreasing
lead in the same direction, Variation of lead from full-gear

QAP
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Fie. 241.—Diagram with a single eccentric, illustrating the itlion of the steam valve,
when the crank pin is at the forward dead centre, the me of the eccentric being
at an angle off the perpendicular. The arrows show the direction of motion.

to mid-gear is due to the curvature of the link-arc, and for a
link of short radius is more pronounced than for a link of longer
radius. As a general rule, the radius of the link is equal to the
length of the eccentric rod.

The Practical Expansion Ratio for Steam.—In the practical
operation of the steam engine, as most generally understood,
the steam is fed direct from the boiler to the cylinder, there ex-
panding from its original pressure to a number of volumes, pro-
portioned to the length of the stroke and point of cut-off. The
idea of cutting off the supply of steam before the completion of
the stroke, and making use of its expansive energy during the
remaining portion, constitutes, as we have seen, the first im-
provement made by Watt. According to Boyle’s Law, already
quoted, the pressure of the steam is in exactly inverse ratio to
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its expansion, which is to say that when a body of steam is ex-
panded to twice its original volume, it should have just one-half
its original pressure, so long as the temperature be constant.
This law is never exactly followed in practice, the general rule,
as shown by indicator diagrams, being a rapid fall during the
first period of expansion and a more gradual one in the latter

-

lls
Fia. 242.—Diagram of a * Cross Compound *’ Steam Engine. The cranks, C and C, are at

90°, The high-pressure steam port is at S; the H, P. exhaust to L. b. cylinder at R,
and the exhaust to atmosphere from the low-pressure cylinder, at E.

period. However, for general purposes, the law is assumed to
be perfectly operative, and the rule for calculating the pressure
at any point of exparnsion, is to divide the original absolute pres-
sure by the number of times it has expanded. Thus, steam fed
to a cylinder at 100 pounds gauge, or 115 pounds absolute, has
a pressure of 573 pounds when expanded to two volumes, a
pressure of 38 1-3 pounds when expanded to three volumes and
a pressure of 283 pounds when expanded to four volumes. It
would, therefore, require as many expansions to reduce the
gauge pressure of 100 pounds to atmosphere, as 15 is contained
in 115, which is 7 2-3 times. If the flow of steam to the cylinder
be cut off at one-half stroke, it has been ascertained by nu-
merous experiments, that its efficiency will be increased 1 1-7
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times what it would have been if the steam at the same point
has been released into atmosphere. The following table gives the
efficiency of steam cut off at various other points of the stroke:

Cutting off at 5 stroke increases efficiency 3.3 times.

““ “ .%. G “« ] 3.0 “

‘ “ 1’0‘ “« “ “ 2.6 “
a“ K] .i. “ ‘“ (X} 2‘39 ‘"
" b 1’0‘ ‘“ “ “ 2.2 “
“ « g “ “ “« 1.98
R “ 1ga o
I ““ _} . “ . 1.69 “
“« “ 166 . “« “ .50
“« « _g_ o “« «“ 1.47
“ “ _l'(o_ “ “ ““ 1.35 ‘@
. «“ * ‘e . “ 1.28

These figures give a general idea of the economy gained by
the practice of cutting off the steam at various points of the
stroke, but, as is evident, the end of economy is obtained by
altering the final pressure in the cylinder, and, consequently, also
the mean effective pressure throughout the entire cycle. If,
therefore, we wish to utilize the full power of any given boiler
pressure, the end of combined economy and high efficiency is far
better attained by the operation known as compounding.

Limits of Varying the Valve [llotion by the Link.—On
the question of the practical limits of varying the cut-off of the
valve, by varying the motion on the link, authorities seem to
vary in regard to the steam engines used on carriages. Several
manufacturers, however, use a notched quadrant for enabling
the driver to shift the link, as desired, and with apparently good
results, in spite of the oft-repeated claim that the engine of a
steam carriage is too small to allow of a very wide variation in
this respect. On the authority of one or two practical steam-
carriage drivers, whose opinions have appeared in print, it may
be stated that some advantage in point of steam economy has
been achieved by varying the cut-off from, say, seven-eighths
to one-half stroke on a level roadway. The majority opinion
has it, however, that, although some saving may be achieved
in this direction, proper care and management of the motor and
parts attain the end far more effectively: since the strain on
the driving mechanism incident to shifting the link
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increases wear and tear in an even greater proportion than
the gain in steam saving. In short, the situation seems to be
that a small steam motor requires a fly wheel to compensate for
the jar resulting from frequent shifting of the steam inlet.

On Compounding a Steam Engine.—A compound engine
is one in which the steam is used several times over in as many
separate cylinders, although usually applied to engines operating
with two cylinders. The steam is fed from the boiler direct to
the first cylinder, in which it is cut off late in stroke, in order that
its pressure may be utilized to the greatest possible extent The
exhaust from this cylinder is then fed into the second cylinder,
generally two or three times the cubic contents of the first, and
is worked expansively to a point as near atmospheric pressure
as possible. The most practical and efficient application of this
principle is in the triple and quadruple expansion engines, so
largely used in marine work, which, in connection with the
vacuum-producing condenser, allows the steam to be worked
from the highest available pressure down to practical zero.
There are two common forms of compound engines of two or
three cylinders, which from the arrangements of the working
parts, are known as “tandem-compound” and cross-compound.”
1n the tandem-compound engine, the cylinders are placed end
to end, the several pistons operating one piston rod. In the
cross-compound engine the cylinders are placed side by side,
the two or more piston rods operating on a single crank-shaft.
The latter model is that most frequently used in compounding
steam engines for motor vehicles.




CHAPTER NINETEEN.
SIMPLE STEAM CARRIAGE ENGINES.

American Steam Carriage Engines.—In the particular con-
struction of steam engines for use on motor road carriages there
has been almost as much variety of design as in the other
branches we have already noticed. We may say, however, that
the typical engine for steam carriages, as constructed in America,
is the two-cylinder, double-acting engine, reversible with the
Stephenson link motion. The high perfection to which these
engines have been brought in America enables the construction

F1e. 243.—Crank Shaft of the ** Locomobile" Steam Carriage, showing the cranks at both
ends, the ball bearings and eccentrics, and the sprocket at the centre. Most steam
carriage engines have similarly arranged crank shafts, although with several makes
the entire mechanism is turned from one solid casting.

of very small motors, and the production of a high percentage
of power. As a usual thing such engines work simple, but sev-
eral excellent types of the American steam carriage, such as the
McKay and the Stearns, are equipped with compound engines,
which, however, may be run simple when the extra power is
required, as, for instance, when ascending steep grades, or run-
ning through unusually heavy roads. A few steam carriages,
notably the Reading carriage, are also equipped with single-
acting multiple cylinder engines, which combine peculiarly in-
genious devices for effecting reversal and controlling the valve
27
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gear. Single-acting steam engines, with from two to six cylin-

ders, have also been brought to high perfection in Europe, being
most familiar in the Gardner-Serpollet carriages.

SCIRNTIFIC AMKRICAN,

F1a. 245.—Diagram of the * Locomobile ** Steam Carriage, showing parts in ition. A
is the boiler shell of cog r; a, the winding of steel piano wire; B, the double cylinder
e strut, or distance rod; D, the compensating gear; ) plpt:

er
vent at H; I, the water supply tank; J, feed pump operated from the engine cross-
head; K, cock in front of check valve on water sup%ly pipe, for cutting off the suprly
ng

engine; C, the adjusta
leading from engine to muffler, F, for exhaust steam; @, pipe leading from mu

from the tank; L, pipe leading from pump to the
the by-pass; O, fuel supfly tank; P, reserve air tan
pressure gauge; 8, pipe

i—pa&s, M; N, lever for operat|

he mirror for reflecting the water glass; Z, starting lever, Other parts are:
crank arm on Z acting on the lever%

(

(10); p
axle (18); blow-off valve (14); oil feed cup on engine cyl
to fuel tank (16). a9 P gine cy

The ¢« Locomobile’” Carriage and Its Engine.—One of the
most efficient among the American double-acting simple engines
is that operating the ‘“Locomobile” steam carriage, which has
two cylinders of 2} inches diameter by 4-inch stroke, and a total

: Q, the dashboard; R, the air-
leading from fuel tank to burner, through which gasoline is

under air pressure; T, metal straps holding the lagging, U, around the boilery
A; V, the diaphragm fuel feed regulator, explained in connection with Fig. 207; W,
fipe leading steam from boiler to diaphragm of the regulator; X, the water glass: ¥,

1); the reversing lever (2); crank arms on the
reversing lever (3 and 4); the pop safety valve set at unds (5); the steam pres-
sure gauge (6); fuel valve to main burner (7); foot pedal (8) operating band brake
(9); wire wheel K 10 tic tire (11); swerln? handle (12); sprocket on rear

nders (15); pipe from air tank

r
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output of 4 to 5 horse-power, at between 300 and 400 revolu-
tions per minute. It is equipped with the Stephenson link mo-
tion and “D” slide valves, and operates the boiler purnp from
the crosshead. The crank shaft of this éngine, shown in the

Fio0. 246.—The ** Locomobile’ Steam Carriage Engine,

accompanying drawing, carries the sprocket at the centre, the
eccentric drums on cither side, and runs in enclosed ball races,
with the cranks at either extremity. The cranks are fixed at
9o degrees. As seen from the accompanying figure of the en-
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gine, the cylinder and driving gear are hung on a heavy cast
frame. This frame is bolted to a wooden crosspiece rigidly at-
tached to the body frame of the carriage.

To the base of the frame is attached an adjustable strut, or
distance rod, by which its relative position, as regards the rear
axle, may be varied by a right-and-left threaded nut, or turn-
buckle. By this device the slack of the chain may be taken up,
and, to allow for the slight variation, thus necessitated, the
steam pipe connection to the top of the steam chest is by a U-
shaped pipe provided with “expansion joints.”

The boiler used in this carriage has already been described

Fia. 247.—Plan Arrangement of the ‘‘ Locomobile’ Steam Carriage, showing position of
the parts indicated in Fig. 245.

in connection with Fig. 144. It is supplied by a small plunger
pump operated from the crosshead of the engine, drawing its
water from the tank shown at the rear and either side of the
boiler. On the runabout carriages of this make the water tank
has a capacity of fifteen gallons. The water may be cut off by
closing the cock, shown at K in the lettered diagram of this
carriage, or may be returned to the tank by opening the by-pass
valve, M, by the lever, N, at the driver’s right hand. Up to the
present time the manufacturers of this carriage have avoided
the use of most automatic devices, other than the fuel regulator,
as already described,
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The underframe of the “Locomobile” carriage, described in
connection with Fig. 61, is that covered by the Stanley patents,
although very similar constructions are used on a number of
other carriages, propelled by both steam and gasoline.

The ¢« Toledo’ Carriage and Its Bngine.—The same general
description applies to the simple engines used on several other
well-known makes of the American steam carriage, among which
should be mentioned the engine of the “Toledo” carriage, which
has two high-pressure cylinders, 3-inch diameter by 4-inch

. Fra. 248.—* Toledo” Stcam Runabout.

stroke. The special feature of this engine is that, instead of the
ordinary “D” valves, it is equipped with piston valves, thus in-
suring better balance, and preventing leakage of steam, which
is very apt to result in small engines. The cylinder pistons are
each provided with two spring packing rings, thus insuring extra
tightness. Among the specially commendable features of this
engine may be mentioned the unusually large bearing surface of
the crosshead, which, according to the claims of the manufac-
turers, is 150 per cent. above that demanded by standard for-
mula. This large bearing surface insures an unusual immunity



SIMPLE STEAM ENGINES. 293

from wear, which, should it occur, may be readily remedied by
the use of the specially attached bearings, which may be fixed
on, whenever required. The piston rod and cranks are entirely
encased, and the end of the crank rod carries an ingeniously ar-
ranged scoop, which enables the oil at the bottom of the casing
to be thrown on the crank-bearing at every revolution, thus
involving the extremely desirable feature of perfect lubrication
of the crank-shaft bearings. The engine is reversed by the
Stephenson link motion, the cranks, eccentrics and sprockets
being of forged steel, hardened and tempered.

F1a. 249.—Engine of the *Toledo® Steam Carmnage, showing piston valves, enclosed
cranks, and relief cocks on the cylinders.

According to the published claims of the manufacturers, this
engine can develop 1 horse-power for each 24 pounds of water
consumed per hour. Steam is supplied by the Morgan tubular
boiler already described. Like the majority of such carriage
engines, it operates the boiler feed pump from its crosshead, the
water being pumped through the combined feed water heater
and muffler, especially designed for this carriage, and heated
to a temperature of 208 degrees before being taken off as steam.
The high efficiency of this arrangement may be understood from
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the statement that at least 15 per cent. is saved in fuel consump-
tion. The manufacturers assert that the “Toledo” carriage has
shown a record, in repeated trials, of 85 miles on g gallons of
gasoline, and 35 miles on 31 gallons of water, over ordinary
country roads. The carriage thus reported weighs in the neigh-
borhood of 1,500 pounds. The excellent construction of the
engine, as is claimed, enables instantaneous reversal at full
speed with minimum of jar or wear, which should be a great
advantage in crowded streets. The “Toledo” carriage is

Fia. 250.—The ** Victor "’ Steam Carriage.

cquipped with a steel tubular flexible underframe of excellent
design, which has shown high ability to withstand most of the
strain of ordinary running. The running gear of the engine is
entirely encased and protected from dust and other abradents.
The differential is of the ordinary bevel gear type, the two master
gears meshing with five bevel pinions. The gasoline and air tanks
used on this carriage are made of cold-drawn seamless copper
tubing, and are tested at a pressure of 200 pounds. There are
two gasoline tanks which have a capacity of 40 gallons.
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Fra. 251.—8team Engine of the * Victor " Carriage, showing front of casing removed,
also one tube-trunnion for hanging to the body frame.

The « Victor” Carriage and Its Engine.—The engine used
on the “Victor” carriage is a two-cylinder reciprocating engine,
each cylinder having a 2}-inch diameter by 3-inch stroke,
equipped with piston valves and the Stephenson link motion, and
is rated at 4 horse-power. Like the one just described, it is
cntirely enclosed in asbestos lining and a cover of tinned sheet
iron. All the bearings are plain, and the hand and wrist jour-
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nals are provided with hardened and ground steel sleeves run-
ning in bronzed bushed castings. Each pair of eccentrics is
made from a solid piece of steel, thus preventing all possibility
of relative displacement. The quadrant of the reverse lever is
so arranged that the point of cut-off may be varied from § to
stroke, thus involving a corresponding variation of the efficient
power to accommodate the carriage on a grade or roughness
of road surface. The working parts of the engine are enclosed
in an aluminum case, and run in oil. The engine is hung on
two hollow trunnions, one being the admission and the other the
exhaust pipe. The uniform distance with reference to the rear

Fio. 254.—Di: m of the Bullard Fuel Cut-off, used on the * Victor" carriage. A is the
water level glass; B, the fusible plug; C, the piston to be driven downward by steam
when plug is melted; D, rack muw?\ed to piston: E, cylinder in which piston slides:
F, roller for Iluldimi‘rack 1 line; G. spur pinion controlling fuel valve; H, fuel valve;
K, pipe to burner; L, burner; M, boiler.

axle is maintained by an adjustable distance rod, which may be

lengthened or shortened as conditions demand. The adjust-

ment of the chain is regulated by this same rod.

Contrary to the plan usually adopted, the boiler feed pump is
not operated from the crosshead, the boiler being supplied by
the auxiliary steam water pump with the Westinghouse valve
motion already described in the chapter on boiler feeders, and
by another pump of the double plunger type. which is geared to
and operated from the rear axle. The positions of these pumps
with respect to the boiler may be understood frcm Fig. 253. The
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by-pass valve is controlled by the Bullard thermostat regulator,
already described, and the supply of gasoline to the burner
may be cut off at any time by the fusible plug and piston ar-
rangement, also contrived by Mr. Bullard. As shown in the
chapter on boilers, the “Victor” carriage is equipped with a
shell and flue boiler of 16 inch diameter, 13 inch height. The
steam feed pipe passes up through the boiler from the bottom,
taking off the steam about § inch from the upper crown sheet,
and carrying it down, passes it through the super-heating tube,
directly over the burner; from this point it passes directly up in-
side the boiler lagging, and is connected with the engine at the
top. (See Figs. 148-149). This arangement insures thoroughly
dry steam in the cylinders.

Fia. 255.—The “ Locke" Flexible Joint Swinging Throttle, used with the ** Locke™
carriage engine.

Among the other excellent features of this carriage, may be
mentioned the spring catch under the cushion of the driver’s
seat, which can automatically lock the throttle when the driver’s
weight is removed, thus preventing the carriage from being
started through carelessness or mischief, when it is left standing
unoccupied. In addition to the several automatic devices al-
ready described, the end of safety is further ensured by small
electric lamps, capable of being turned on at any time, which can
illuminate the water glass at night. The glass is also attached
to the water tank in order to show the level of the feed water
whenever desired. The exhaust steam from the engine passes
to the feed water heater and muffler, being there partially con-
densed and given off at low pressure. A carriage capable of
seating two persons weighs, on an average, 835 pounds.
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The ¢ Locke” Steam Carriage Engine.—Several concerns in
America have producgd, and placed on the market, excellent
steam engines, designed expressly for vehicle use. Such engines
are particularly designed for such persons as intend building
their own steam carriages, or who wish to insert a new engine.

Fias. 256 and 257.—Front and Side Elevation of the ‘‘ Locke" Steam C;;rlase Engine.
1\
Several types of such engines are shown in accompanying illus-
trations.
The “Locke” steam engine is of the usual double-cylinder
type, equipped with the Stephenson link motion, and having the
boiler feed pump operated from the crosshead. The crosshead
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has V-shaped double guides, fixed between the upright pieces of
the frame, as shown in the side elevation of the engine. The
cylinders, made<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>